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Eugene Wilson Caldwell, who started as an 
electrical engineer, became a radiologist by 
“buying out" a photographer.” His reputa- 
tion as a radiologist grew so rapidly that 4 
years later he was appointed Director of the 
Gibbs Laboratory, the new x-ray department 
of the Bellevue Hospital Medical College in 
New York City. Only then did he hai alik 
in mtr school. Before he graduated, he 
had become the co-author of a highly praised 
textbook on the therapeutic and diagnostic 
applications of the roentgen rays. Two years 
after his graduation from Medical School, he 
was elected to the presidency of the American 
Roentgen Ray Society. IF hen, in 1916, 
Caldwell died from radiation cancer al the age 
of 48, a life full of drive, accomplishment and 
suffering had ended. Two years later Dr. 
Walter dleares delivered the first Caldwell 
lecture at the meeting of the American Коепі- 
gen Ray Soctety in Minneapolis. 


OR someone who has had a special in- 
terest in the esophagus through the 
greater part of his professional life, the re- 
quest to deliver this lecture offers a tempt- 


MASSACHUSETTS 


ing occasion to review radiologv of the 
esoph iagus from a retrospective and pro- 
spective viewpoint. 

Onlv 3 months after Professor Róntgen 
had sent his first observations to the Physi- 
comedical Societv of Würzburg, Becher? 
described the use of lead acetate for the 
roentgen demonstration of the intestines of 
killed guinea pigs. In his short publication, 
Becher postulated the two requisites which 
are still paramount for the demonstration 
of the gastrointestinal tractin humans: The 
medium must be dense and it must be 
nontoxiz. 

In the same vear, the Harvard medical 
student Walter Bradford Cannon? started 
his little notebook in which he recorded in 
simple straightforward sentences his roent- 
genologic observations on the swallowing 
act in geese and dogs. Cannon used bismuth 
subnitrate in capsules as well as in the form 
of “a scft mass of bismuth subnitrate with 
mush." Roentgenology of the esophagus 
had started. 

In the next vear, bismuth subnitrate was 
emploved in humans. Rumpel? of Ham- 
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burg ina paper on fusiform dilatation of the 
esophagus showed what was praised by 
others as “extremely beautiful actino- 
grams." 

One year later, Boas and Levy-Dorn? 
used capsules with bismuth to demonstrate 
obstruction and delay in the gastrointesti- 
nal tract of humans. 

The clinical significance of the new 
method was brilliantly demonstrated in 
1900 when a young assistant of the Medical 
Clinic of Professor Nothnagel in Vienna, 
Dr. Guido Holzknecht, published a paper 
on the roentgen diagnosis of esophageal 
stenosis. He used bismuth subnitrate in 
various forms, as a watery mixture, as a 
paste, and wrapped in wafers. The paper 
described the results in 22 cases of esopha- 
geal stenosis, 14 of them due to cancer of 
the esophagus. The importance of the right 
anterior oblique diameter for the examina- 
tion of the esophagus was emphasized. 
Holzknecht was the originator of the art of 
fluoroscopy for which the Viennese School 
became so famous. 

Bismuth salts were not without danger 
and quite expensive. It was therefore of 
practical importance that in 1910, Bachem 
and Günther, a pharmacologist and an 
internist, replaced them by the much safer 
and less expensive barium sulfate which 
since has remained the standard contrast 
medium for the gastrointestinal tract. 

A great technical step forward was the 
introduction of "spot" films by my teacher, 
Hans Heinrich Berg"? in 1923. His tech- 
nique made it possible to interpose a cas- 
sette rapidly between patient and screen 
while shifting almost instantaneously from 
fluoroscopy to roentgenography. These 
spot films represented a much truer fac- 
simile of the optimal fluoroscopic image 
than the haphazard roentgenograms that 
had been obtained before. 

In the early 1950's,a new era was opened 
by the introduction of the screen intensi- 
fier. With it came the first practical cine- 
roentgenographic studies of the esophagus. 
Some cine-studies had been done as far 
back as 1912,2 but not before the era of the 
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screen intensifler were good moving pic- 
tures of the esophagus obtained, with ease 
and with minimal exposure to the patient. 
Cinefluororoentgenography finally permit- 
ted to study at leisure of what, since 
Cannon's and Holzknecht's time, genera- 
tions of older radiologists had laboriously 
observed during fluoroscopy. 

In the last decade, great strides have 
been made in manometric measurements of 
the act of deglutition. The development of 
the cinefluororoentgenography has made it 
possible to combine such pressure observa- 
tions with simultaneous roentgenologic 
barium studies of the esophagus. 

What clinical significance did the various 
phases of these technical developments 
have? Was the improvement in technique 
paralleled by increasing knowledge? 

The earlier examiners of the esophagus 
had studied metallic foreign bodies and 
obstruction due to cancer and corrosive 
strictures. They had filled Zenker's diver- 
ticula. They demonstrated displacement of 
the esophagus and narrowing by mediasti- 
nal tumors and by aneurysms. They stud- 
ied the dilatation of the esophagus caused 
by cardiospasm. 

By the time I started my training in 
radiology in the mid twenties, isolated cases 
of benign tumors of the esophagus and a 
few isolated cases of congenital strictures 
had been seen roentgenologically. There 
seemed to be little new to be expected from 
further roentgenologic investigation of this 
simple cylindric, anatomically and physio- 
logically rather uninteresting structure. 

How erroneous this turned out to be! The 
progress made in roentgenology of the 
esophagus in the intervening four decades is 
remarkable. The interest in this organ 
instead of decreasing appears to have 
grown constantly, as is indicated by the 
large number of papers and textbooks 
which continue to appear about it. There 
are several reasons for this. The roentgeno- 
logic methods have improved. New physio- 
logic modalities in the study of the esopha- 
gus have been developed. Finally, and most 
importantly, the advances in surgery have 
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tremendously added to our knowledge of 
the chest and its organs and have, at the 
same time, increased the demand for more 
roentgenologic information. 

One of the instances in which roentgeno- 
logic information preceded surgical applic- 
ability is the roentgen demonstration of 
esophageal varices. In 1928, Günther 
Wolf,” a voung assistant in internal medi- 
cine in one of the municipal hospitals of 
Berlin, published 2 cases in which he had 
demonstrated esophageal varices fluoro- 
scopically and roentgenographically. Three 
vears later, I showed the roentgenologic 
appearance of varices in the stomach. In 
1933, based on a material of 45 cases, the 
roentgen morphology of varices and the 
clinical significance of their demonstration 
were discussed in detail.? It 1s astonishing 
that it took more than a decade before 
many clinicians recognized the help derived 
from the demonstration of varices in the 
diagnosis of portal hypertension, in the 
study of a bleeding patient and in the dif- 
ferential diagnosis of splenomegaly. Due to 
technical progress, the recognition of early 
varices has slightly improved in the inter- 
vening decades. More recently cinefluoro- 
radiography offers advantages in doubtful 
cases, = 

Even now, the diagnosis is frequently not 
easy. This is due to several factors, one of 
which is inadequate coating of the esopha- 
geal wall, another is changing degree of 
filling of varices under certain conditions. 
Varices may disappear completely in up- 
right position. They may do so even in 
horizontal position, during contraction of 
the esophagus (Fig. 1, 7 and 5) and during 
certain phases of respiration. The influence 
of projection is another factor. The esopha- 
gus may appear normal in one direction and 
show varices in another due to the fact that 
varices may be “polarized,” that is, they 
may be serpentine 1п one plane only (Fig. 
2, Zand В). The roentgen demonstration 
of varices is a classic example of the fact 
that roentgenologv, especially roentgenol- 
ogy of the gastrointestinal tract, is not just 
"taking pictures." Even with the most 
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Fic. 1. 


Varices of the esophagus disappearing dur- 
ing contraction of the esophagus. (4) Contracting 
phase. (B) Resting phase. (Courtesy of Archives 
of Surgery, 1940, 41, 1084-1 100.3?) 


modern equipment, one may not see the 
lesion unless the optimal conditions have 
been created by the knowledgeable, deter- 
mined and indefatigable examiner. 

Our understanding of esophageal diver- 
ticula has greatly increased during the 
period which we are discussing, mainly due 
to concepts introduced by Fleischner. In 
repeated publications, especially one in 
1932,” Fleischner attacked the old division 
of pulsion and traction diverticula of the 
esophagus, as well as the more recentlv 
added categorv of functional diverticula. 

Fleischner proved convincingly that, if 
one omits the Zenker's diverticula at the 
junction of hvpopharynx and esophagus 
and perhaps a few rare congenital divertic- 
ula of the esophagus proper, all diverticula 
are produced by localized adherence of the 
esophagus to 1ts surroundings. The shape 
and size of the diverticula depend on the 
length and shape of the adherence, but at 
least as much also on the secondary wall 
changes and on the pressure within the 
esophagus during the contraction. In other 
words, all these diverticula are really ad- 
hesion diverticula. They may be visible 
only during the contraction of the esopha- 
gus (Fig. 5, 4, B and C), as are the so-called 
functional diverticula of Bársonv, or may 
be visible at all times if there 1s extensive 
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lic. 2. Influence of projection on demonstrability of varicose vein which undulates in one plane only. The 
dilated vein is not visible in the right anterior oblique (4), but is clearly visible in the left anterior oblique 
view (В). (Courtesy of Archives of Surgery, 1940, 47, 1084-1 100.**) 


scarring with loss of tissue in the immediate 
neighborhood of the esophagus. The sig- 
nificance which this mechanism has on our 
concept of spasm and other so-called func- 
tional abnormalities of the esophagus will 
be discussed later. 

When I started in radiology, inflamma- 
torv processes of the esophagus, except for 
those caused bv acid and lve burns, ap- 
peared to be of negligible practical signifi- 
cance. In 1935, Winkelstein? reported 
infammatory changes in the lower esopha- 
gus produced by reflux of gastric juice. 
Some of his patients also had peptic ulcers 





of the duodenum or the stomach. Winkel- 
stein coined the name of “peptic esophagi- 
tis” for this lesion. Allison, Johnstone and 
Royce? in the 1940s recognized the impor- 
tance of hiatus hernia in the etiology of 
esophagitis (Fig. 4, 7 and 8). In 1950, 
Barrett? showed that a sheet of atypical 
gastric mucosa in some of these cases 
may extend high up into the esophagus 
(columnar-lined esophagus) (Fig. 5, 7 and 
B). The importance of hiatus hernia 1n this 
whole complex became more and more 
obvious. Jutras ef 21 and Wolf et «7.9 
demonstrated the significance of subtle 





Fic. 3. (4, B and C) Two small adhesion diverticula visible only during the contraction phase of the 
esophagus. (Courtesy of Acta radiologica, Supplement 18, 1933, р. 58.9) 
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changes in distensibility close to the herni- 
ated cardia as evidence of esophagitis (Fig. 
6, Zand B). They may be easily missed but 


can be the cause of repeated episodes of 


dysphagia. Whenever the bolus is too big 
for this particular area, dysphagia will 
result. The older кета оозе described many 
patients who suddenly became unable to 
swallow. Either esophagoscopy or just 
simple retching relieved the patient, who 
then was able to swallow normally. Roent- 
genologic follow-up examinations showed 
no abnormality. The diagnosis of a func- 
tional anomaly, spasm of the esophagus, 
appeared to be the only explanation. One 
probably can say safely that the majority 
of these patients did not have spasm but 
had or ganic narrowing which had escaped 
the examiners. It is quite likely that these 
patients had either an area of scarring from 
esophagitis or had a lower esophageal ring. 
Both these lesions may be easily missed 
unless they are specifically looked for. 

In 1947, I saw a dentist who complained 
of episodes of dysphagia which occurred 
only when he ate solid food in a great hurry. 
The only abnormality noticeable was a thin 
in-folding in the lower esophagus. I was not 
certain that this was the actual cause of the 
symptoms until about 3 months later when 





Fic. 4. (4 and B) T 


above small hiatus hernia. 


‘wo cases of esophagitis 
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lic. 5. (4 and B) Columnar-lined esophagus with 
stricture at the junction of columnar and squamous 
epithe rum close to the arch of the aorta. As usual, 
the upper stricture caused the patient’s dysphagia. 
I—Squamous lined esophagus; 2—columnar lined 


esophagus; 3—herniated portion of the stomach, 


| saw a similar diaphragm-like narrowing in 
another patient with episodical dysphagia 
(Fig. 7, 4 and B). The impression that this 
was a heretofore unrecognized cause of 
dvsphagia was confirmed in the following 
vears. The first descriptions of this clinical 
entity appeared in 2 papers from Boston in 
1955.? *! The lesion was called the lower 
esophageal ring. In 1944, Templeton?! had 
shown a similar but asymptomatic narrow- 
ing in the lower esophagus. Were the two 
diaphragm-like structures the same entitv 
with symptoms occurring when the opening 


became narrower? This assumption ap- 
peared likely and was confirmed in fol- 
low-up studies (Fig. 8, 4 and 8).» The 


symptomatic lower esophageal ring is not 
rare. When properly looked for (Fig. 9, Z 
and В), it has proved to be the most com- 
mon cause of episodic dysphagia. 

At ‘east as important as the clinical 
significance of the ring, however, was the 
fact that the ring was found bv most au- 
thors to be located at the junction of esoph- 
ageal and gastric mucosa (Fig. то, and В; 
and 11, Zand 8). When present, this roent- 
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Fic. 6. (4 and B) Esophagitis above small hiatus hernia. The esophagus appeared normal until the area of 
rigidity was demonstrated when the esophagus was filled and distended as much as possible. 


genologically very distinct entity repre- 
sents a landmark, actually the first defi- 
nite one in this long and still disputed 
region of the gastrointestinal tract. More 
about this a little later. 

Progress solves problems, and progress 
creates problems. Anyone who has tried to 
satisfy an inquiring child knows this only 
too well. I shall select a few of the many 





Fic. 7. (4 and B) Lower esopaageal ring with many 
years of episodical dysphagia (see also Figure 10 
and 11). (Courtesy of New England 7. Med., 1958, 
259, 1-8.?") 


e 


unsolved problems of the esophagus, some 
of which have been frequently discussed in 
the recent past. 

Two of these are very basic and they are 
somewhat connected with each other: (1) 
where does the esophagus end and where 
does the stomach start, and (2) what forms 
the closing mechanism at the upper end of 
the stomach? 


€ 





Fic. 8. Lower esophageal ring, measuring 19 Mmm., 
asymptomatic in 1954, (4). The patient developed 
frequent episodes of dysphagia in 1960. These 
persisted in 1962 when the ring measured 15 mm. 


( B). 
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Fic. 9. (4) Symptomatic 15 mm. lower esophageal 
ring visible only after maximal distention pro- 
duced by compression of the epigastrium with a 
pressure pad. (8) Without this distention the 
patient's dysphagia would have remained unex- 
plained. 


|f a person takes a deep breath after 
having swallowed barium, the barium is 
held up, or an alreadv existing barium 
column is cut off, near the diaphragm (Fig. 
12, Zand В). 

Actuallv, the cutoff is not at the level of 
the visible diaphragm but slightly higher. 





Fic. 11. (4 and В) Autopsy specimen of the same 
ring as in Figure 7 and 10. The esophageal mucosa 
extencs Just beyond the free edge of the ring. 
(Courtesy of New England J. Med., 1958, 250, 
1—8.27) 





1106. то. (4) Autopsy specimen with lower esophageal ring, visible only after the stomach and esophagus are 
sufficiently blown up with air (А). The specimen also shows status following subtotal gastric resection for 


£ 


cancer. (See also Figure 7 and 11 of the same patient. Courtesy of New England ў. Med., 1958, 259, 
I 


=8.47) 


This is not, as was thought in the past, 
caused by any purely roentgenologic pro- 
jection phenomenon. The right crus, that 
is, the muscular sling which almost com- 
pletely surrounds the esophagus at the 
hiatus, actually lies slightly higher than the 
surrounding portion of the diaphragm. 
Monges” and Botha!’ proved this by at- 
taching clips to the edges of the hiatus 
(Fig. 13, £ and B). During surgery, I have 
actuallv felt the crus protruding above the 
level of the adjacent diaphragm. This 
protruding portion of the diaphragm is not 
visible roentgenographically, since it 1s 
apparently not in immediate contact with 
the air containing lung. 

During the inspiratory arrest of the flow 
of barium, an empty space lies between the 
obvious esophagus and the obvious stom- 
ach. In expiration, there 1s a funnel-shaped 


Richard Schatzki 


Jurv, 1965 


tube connecting the two (Fig. 12 5). Pres- 
sure studies have confirmed that this seg- 
ment lies in the abdomen, partially in the 
oblique hiatal canal.!^?? 

Much—and rather / useless— discussion 
has taken place regarding the proper name 
for this segment. Isit part of the esophagus, 
namelv, the abdominal esophagus, or part 
of the stomach, or should it be given a 
special name like abdominal gullet, junc- 
tional zone, submerged segment, empty 
segment, cardia etc.? I personally feel that, 
anatomically and physiologically, it best be 
considered part of the stomach. For discus- 
sion’s sake, I shall accept the descriptive 
term of “empty segment." What relation- 
ship does this segment have to the mucosal 
junction of esophagus and stomach? 

During the last 15 vears, we have been 
told that the position of this mucosal junc- 





Fic. 12. Esophagogastric junction. (4) Inspiration; (В) expiration. Note the empty segment during inspira- 
tion. The level of the hiatus is at the upper edge of this empty segment. 
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Ето. 13. Position of the hiatus in (4) expiration and (В) inspiration. Circles indicate clips which have been 
placed at the hiatus during surgery. (Courtesy of Н. Monges, Gastroenterologia, 1956, 82, 232-241, and of 


S. Karger, Basel/New York.??) 


tionJis extremely variable in а normal 
person. It has become almost fashionable to 
emphasize its protean location. It is sup- 
posed to vary considerably in its position 
from person to person, and even in a given 
person it is thought to move up and down 
with respiration, swallowing, belching and 
vomiting. 

In practice, things are probably not quite 
that vague and hopeless. In 1953, Palmer?? 
demonstrated roentgenologically marked 
mobilitv of the esophagogastric mucosal 
junction after having identified the junc- 
tion by endoscopically placed metallic clips. 
Actuallv, Palmer's illustrations show the 
clips consistently in the region of the 
"empty segment.” In the Гаће of newer 
knowledge of the roentgenologic position of 
the hiatus, it appears at least as likely that 
his pictures were caused by opening and 
closing of the "empty segment," resulting 
in apparent rather than actual motion of 
the clips. Recent investigators (Creamer 
et 4l; ? Cohen and Wolf"’) place the muco- 


sal Junction during quiet breathing fairly 
consistently within the empty segment; 
some of them place it close to its upper end, 
that is, at the hiatus, others slightly lower 
down. Of course, islands of gastric mucosa 
may occur almost anywhere in the esopha- 
gus, anc 1n an occasional but rather excep- 
tional case, even a full sheet of atypical 
gastric mucosa may extend upwards into 
the esophagus and produce the so-called 
columnar-lined esophagus of Barrett.’ In 
most instances, however, the junction 
appears to lie somewhere within the empty 
segment, probably close to the hiatus. 
Should further investigations confirm the 
rather constant relationship of the mucosal 
junction and the hiatal canal in the average 
normal person—and I believe such confir- 
mation 1s still needed—then the location ot 
the mucosal junction as it is found in a 
given person becomes quite important, 
e.g., when 1t is found above the diaphragm. 

The importance which the lower esopha- 
geal ring has as a landmark for this whole 


problem is quite obvious. It is the opinion 
of most, although not all, observers that 
the ring lies at the esophagogastric mucosal 
junction. The ring is always found above 
the diaphragm. Demonstration of a ring, 
therefore, means that the gastrointestinal 
tube has been displaced upwards. 

Manv other questions concerning the 
ring remain unanswered. What causes the 
ring to be formed? Various theories have 
been set forth in the literature. Thev do not 
conform to the known facts about the ring. 
| believe that the formation of the ring is in 
some wav connected wich the upward dis- 
placement of the intestinal tube, in other 
words, with the herniation. But why then 
isa ring present in some and not all hernias? 
Why is heartburn less common 1n patients 
with a ring then in patients with a hernia 
without a ring? Why is it so rare to see 
obvious roentgenologic evidence of esopha- 
gitis in patients with a ring 1n contrast to 
the frequency of esophagitis in hernias 
without a ring? Does the ring act as a pro- 
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tecting mechanism against reflux? It 15 
difficult to believe that 1t can. Problems 
persist. 

A closing mechanism at the upper end ot 
the stomach must exist not only for the 
athlete who hangs upside down from his 
trapeze but for all of us, particularly if we 
stoop over. The anatomists of the 17th and 
18th centuries found a muscular sphincter 
at the junction of the esophagus and stom- 
ach which appeared to be a satisfactory 
closing mechanism. 

Untortunately, most modern anatomists 
cannot find a true sphincteric muscle in 
man, and much discussion has taken place 
about a possible closing mechanism. Of the 
groups particularly interested in this sub- 
ject, I mention those centered around 
Ingelfinger (Boston), Code (Mayo Clinic), 


Wolf (New York), Creamer (London), 
Barborka (Chicago) and Zaino (New 
York). 


Various mechanisms may play a role: 
I. An internal, physiologic sphincter at 





Fic. 14. (4 and B) Small hiatus hernia with sphincteric mechanism at the junction of esophagus 
and herniated stomach. 
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the junction of esophagus and stomach. For 
many have demon- 
strated such a sphincter, visible only when 
portions of the stomach are herniated 
above the diaphragm (Fig. 14, 4 and 8), 
but presumably also present, although not 
demonstrable, when it is in its normal 
position in the hiatus. Manometric studies 
have abundantly confirmed the existence of 
such a functional internal sphincter.!? 17.23.40 

A pinch-cock effect of the diaphragm. 

A flap valve produced by the acute 
on between esophagus and the greater 
curvature of the stomach. 


years, radiologists 


4. A rosette formed by the puckering of 


the mucosa at the junction of esophagus 
and stomach. 





Fic. 15. (апа B) Extensive curling. Note the areas 
fixed by adhesions resulting in characteristic 
adhesion diverticula (arrows). (Courtesy of Acta 
radiologica, Supplement, 18, 1933, p. 68.3) 
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Fic. 16. (4 and B) Grotesque curling. 


5. A closure of the “empty segment” 
which collapses as it is pushed towards the 
hiatus by the abdominothoracic gradient. 

An analysis of the various mechanisms 
shows that they all have flaws. It appears 
likely that an interaction of several factors 
produces the reflux barrier. Creamer eż al.’ 
propose such a combined action involving 
the above described mechanisms 1 and : 
They suggest that the walls of the collapsed 
"empty segment," the "gullet," хе. the 
segment between the hiatus and the obvi- 
ous gastric bag, are held in tight approxi- 
mation by action of the internal sphincter, 
and thus produce the reflux barrier. Mann 
et al?’ suggest a combination of mechanism 
гапа 4, the internal sphincter being in their 
opinion the most important factor. 

Actually, in spite of many interesting 
theories, we still are not certain whv the 
trapeze artist 1s safe in the upside-down 
position. 

A peculiar phenomenon, or rather a group 
of phenomena, occurs at times in the mid- 
dle and/or distal thirds of the esophagus. 
The result is a variety of bizarre deformities 
of the esophagus for which many descrip- 
tive terms have been created (Fig. 15, 4 
and В; and 16, апа B). Functional diver- 
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ticula, pseudodiverticula, tiered spasm of 
the esophagus, corkscrew esophagus, rosary 
esophagus, diffuse spasm of the esophagus 
and tertiary contractions are some of them. 
I personally have to plead guilty for having 
introduced two commonly used words for 
this phenomenon, the German “Krdause- 
lung’’® and its rather poor translation into 
the English language, namely, “curling.” 
For further discussion, I shall use the word 
“curling” as a descriptive word for all these 
phenomena. 

Common to all phenomena is the fact 
that they occur during the phase of con- 
traction. An "empty" swallow after a pre- 
ceding swallow of barium frequently shows 
the deformity best. The contraction of the 
whole area seems to occur simultaneously, 
often changing the shape of the esophagus 
with lightening speed. The roentgenologic 
appearance varies considerably from case to 
case but is more or less repetitious in a 
given case. 

More than 30 years ago, I felt that local 
abnormalities similar to those described by 
Fleischner in adhesion diverticula were 
responsible for these peculiar phenomena.® 
Many papers have since been published by 
observers throughout the world, and their 
unanimous opinion is in favor of some form 
of neuromuscular imbalance and against 
our theory of local change.11:1519.25,33 Some 
of the authors have assumed a reflux mech- 
anism secondary to other abnormalities 
such as esophagitis, hiatus hernia, diver- 
ticula, duodenal or gastric ulcers, and even 
cholecystitis, hepatitis and psychosomatic 
disturbance. 

If in the face of this ever-growing litera- 
ture, I still believe that local anatomic 
changes are greatly responsible, I am not 
merely stubborn. Although, at first sight a 
neuromotor origin of the phenomenon is a 
very tempting explanation, there is actually 
very little to support such a theory. De- 
pression of the phenomenon by drugs like 
atropin®”*° is no proof of neurologic origin. 
These drugs simply relax the esophagus and 
prevent it from contracting properly, and 
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contraction is necessary to bring out the 
phenomenon. 

On the other hand, there are a number of 
observations which make the presence of 
local changes likely: 

1. Curling 1s frequently seen in patients 
who have other obvious areas of esophageal 
adhesions (Fig. 15, 4 and B). 

2. Almost any patient who shows curling 
once will show it again, although not always 
with each swallow. 

3. The larger projections in a given case 
of curling re-occur at the same level. It is 
more difficult to ascertain whether the 
small “teeth” present in curling of old 
people always occur at the same level. 

4. It is impossible to explain simply by 
contraction the extremely bizarre appear- 
ance of the esophagus in some of these 
patients, e.g., with corkscrew esophagus. 
Contraction in the presence of local abnor- 
malities, however, could well explain these 
findings (Fig. 16, апа B). 

5. In 2 instances, I have seen curling 
occur locally in the'area in which an intra- 
mural, extramucosal tumor of the esopha- 
gus had been shelled out surgically (Fig. 17, 
A and B; and 18). 

6. I have seen curling develop in a pa- 
tient after extensive radiation therapy for 
mediastinal metastases from cancer of the 
breast. Curling was particularly marked in 
the area where the compression of the 
esophagus by the tumor had been present 
(Fig. 19, 44, B and C). 

All these reasons speak strongly in favor 
of local changes. Some of these changes are 
adhesions. In addition, there are probably 
localized areas in the wall of the esophagus 
which are damaged and weakened, as 
Fleischner has shown to be present in some 
adhesion diverticula. A combination of 
inability of the esophagus to contract prop- 
erly due to some external adherence and 
"blow outs" caused in the weakened areas 
during the moment of contraction appears 
to me to be a likely explanation of the 
phenomenon. 

There are, however, some observations 
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l'1G. 17. Localized curling following removal of leiomyoma of the esophagus. (4) Preoperative roentgenogram; 
(4) postoperative studies showing curling confined to the area of surgery. 


which are difficult to fit into such an expla- 
nation: 

г. These changes should be present when 
the esophagus 18 collapsed. Although this 15 
usuallv the case, it is not alwavs 60. Pas- 
sibly, this can by explained by the fact that 
during the resting stage the pressure within 


the esophagus is not high enough to pro- 
duce the phenomenon. 

2. Zboralske, Amberg and Soergel* in 
their discussion on presbvesophagus, the 
esophagus of the aged, have reported that 
curling almost routinely occurs in people 
above the age of go. It is hardlv possible to 
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Fic. 18. Localized curling occurring after an intra- 
mural bronchogenic cvst of the esophagus had 
been removed from the same area. 


assume that at this age all people have 
mediastinal scarring and localized. weak- 
ened areas in the wall of the esophagus. 
Perhaps the appearance of the esophagus in 
these old people, particularly the common 
“small-teeth-curling,” is caused by a differ- 
ent mechanism. 

3. Finally, anatomic proof for our postu- 
lated origin of curling is missing. The fact, 
however, that some autopsy studies in the 
literature and some of our own have not 
shown the predicted changes does not 


Fic. 19. Localized curling following radiation ther- 
apy for mediastinal metastasis from cancer of the 
breast. (4) Compression and probable involve- 
ment of the wall of the esophagus by tumor. (5) 
The same area after regression of the tumor follow- 
ing irradiation. (C) Curling during contraction 
localized to this area. 
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necessarily speak against this theory. Too 
little 15 known about the normal relation- 
ship of the esophagus to its surroundings, 
and it 1s possible that more accurate and 
more detailed studies may show the very 
minor changes which we presume to be 
present. 

Does curling cause symptoms? Numer- 
ous articles in the literature state that it 
causes dysphagia and pain in some patients 
and that the incidence of symptoms in- 
creases with the more grotesque forms. 
Some authors even claim that these marked 
deformities are always associated with 
symptoms. Some of our patients had difh- 
culty in swallowing. Was this due to curl- 
ing? An outside examiner thought so in one 
patient who had been having episodes of 
dysphagia tor a year (Fig. 20 through 22, 
inclusive). Nothing abnormal except curl- 





lic. 20. (4 and В) Extensive curling in a patient 
with dysphagia (not due to curling). 
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(4 and B) Same case as in Figure 20. А 
barium filled capsule is held up below the area of 
curling and does not pass before it is partially dis- 


FIG. 21. 
solved. 


ing had been found. At first nothing else 
was seen in our examination. А barium 
capsule, however, was held up low in the 
esophagus below the area of curling. More 
intense attempts to distend the lower 
esophagus finally succeeded in demonstrat- 
ing a short segment of obvious narrowing 
apparently due to esophagitis. Only then 
was a small hiatus hernia recognized im- 
mediately below the narrowed segment. 
More careful analysis of the patient’s his- 
tory showed that a vear ago, she had had a 
gastric intubation following abdominal 
surgery. The dysphagia was caused by 
fibrotic esophagitis, not by curling. 

In my own experience, I have been able 
to demonstrate an area of poor distensi- 
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l'1G. 22. (4 and B) Same case as in Figure 20 and 21. 
With proper distention of the distal esophagus, a 


slightly irregular area of esophagitis with loss of 


distensibility above a small hiatus hernia is seen. 
The rigid area of esophagitis 
curling explains the patient's dysphagia. 


bilitv in all patients who had curling com- 
bined with dysphagia (Fig. 23, 4, B and C). 
The dysphagia in these pa ‘dents is not due 
to a mysterious spasm, nor is 1t due to poor 


Richard Зећа ки Jery, 


rather than the 
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propulsion. following uncoordinated con- 
tractions. It is simply due to insufhcient 
distensibility of a segment distal to the area 
of curling. This narrowing 1s usually caused 
by esophagitis although this has not been 
proved in all cases. Occasionally, 1t may be 
due to other areas of stenosis alk for in- 
stance, a lower esophageal ring. Character- 
istically, these areas of narrowing тау ђе 
difficult to demonstrate and will theretore 
very easily escape the attention of the 
examiner, particularly since he is fascinated 
by the curling above. 

The coexistence of areas of constriction 
in the distal end of the esophagus with 
extensive curling is more frequent than 
could be explained by chance. Is it possible 
that when obstruction occurs, the esopha- 
gus contracts more vigorously and perhaps 
differently, resulting in striking degrees of 
curling ia ае and/or wall weak- 
ness are present? This would explain a 
number of facts: 

The frequency of marked curling in 


cases with narrowing below. 


The spurts of excessive contraction in 





16, 23; 


(4, Band C) Marked curling in a patient with episodes of moderate dysphagia. With proper disten- 


tion, an area of narrowing probably due to esophagitis is seen in the esophagus (arrow) comparable to the 


area of esophagitis in Figure 6, 


A and B. A barium tablet was held up at this level, indicating that the 


narrowed rigid area and not the curling caused the dysphagia. 


Коб оду NO; 


some of these cases as shown manometri- 
callv. 

3. Hypertrophy of the esophageal wall 
which has been found bv some observers 
(Johnstone,* Barrett). It could be ex- 
plained on the basis of frequent ћурег- 
contraction proximal to areas of narrowing. 

| have not been impressed by frequent 
coexistence of curling and retrosternal pain. 
In the exceptional case, the pain. seemed 
coincidental rather than causatively con- 
nected. Other authors have been more 
impressed bv such a connection, especially 
in the more extensive detormities like cork- 
screw esophagus, tiered spasm or diffuse 
spasm. Code and his co-workers? are con- 
vinced, as are others, that abnormally 
forceful contraction of the esophagus is 
painful. 

| do not believe that curling produces the 
pain. An abnormally strong contraction 
тау cause pain and produce curling in 
those esophagi which have wall changes as 
discussed before. A search for an area of 
diminished distensibility below the region 
of curling seems indicated in all of these 
cases. 

I frankly admit that much of this is still 
controversial, and further progress is 
needed. | can see two approaches which 
may be helpful: (1) a combination of an 
interested radiologist, gastroenterologist, 
thoracic surgeon and pathologist and (2) 
careful combined — cinefluororoentgeno- 
graphic and manometric studies as thev 
have been started in several institutions. 

In the tew decades of its existance, roent- 
genology of the esophagus has accom- 
plished much. It has become the most 
important method in the diagnosis of its 
diseases and has given invaluable help in the 
examination of those organs and structures 
which are in its neighborhood. 

Progress has been made, but many prob- 
lems remain. Their solution requires the 
intelligent, painstaking and persistent ap- 
proach of the examiner and investigator, at 
least as much as the improvement in tech- 
nical equipment. For the voung radiologist, 
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the comforting thought remains: Much 
more is to be known than is known. 
1180 Beacon Street 
Brookline 46, Massachusetts 
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HABENULAR CALCIFICATION AS AN AID IN THE 
DIAGNOSIS OF INTRACRANIAL LESIONS* 


By DONALD L. McRAE. M.D. 


MONTREAL, QUEBEC 


N THE investigation of intracranial 

lesions, ordinary skull roentgenograms 
are apt to be neglected for several reasons: 
(a) Plain roentgenograms of the skull are 
sometimes not done as carefully as they 
might be, therefore the vield of information 
from them is disappointing; (b) the impres- 
sion that pineal measurements are so vari- 
able that they are hardly worth doing; (c) 
angiograms or air studies will be made and 
will overshadow anything that might be 
revealed on ordinary skull roentgenograms; 
and (d) external isotope localization and 
ultrasonic echograms are being more widely 
used. 

Skull roentgenography is a valuable, 
nonoperative method of examining the 
brain and the skull which mav reveal infor- 
mation not given bv anv other method of 
examination. It should never be omitted in 
the investigation of intracranial lesions. It 
should be done with precision and the 
roentgenograms inspected with care. Mea- 
surements of the calcified pineal or calcified 
habenular commissure or both should 
always be carried out. 

There is some uncertainty about pineal 
measurements. The pineal gland calcifies 
irregularly so that itis difficult to find its 
center, the point from which measurements 
should be made. Vastine and Kinnev* did 
not exactlv state how their measurements 
were made. Their original measurements 
were modified by Dyke! by moving the 
anterior limit forward. This was probably 
due to the inclusion. of some habenular 
calcifications. Dyke’s modification resulted 
in a rather large spread of the normal lim- 
its. Frav's? proportional method and his 
cranio-angle method seemed to offer greater 
accuracy but never became popular. 

The habenular commissure region 15 


calcified almost as often as the pineal gland. 
Its shape identifies it uniquelv, unlike the 
shape of the pineal gland. Its apex can be 
marked accurately. It varies somewhat less 
in posizon than does the pineal gland. 
Stauffer ef a/ and also Smith? showed that 
habenular commissure calcification is found 
mostly in neuroghal nodules on the ven: 
tricular surface of the commissure. There- 
fore, it can be termed habenular calcifica- 
tion rather than habenular commissure 
calcification. On many air studies, the 
calcified nodules can be seen projecting 


within the air shadow of the posterior part 
of the 3rd ventricle. Habenular calcification 
usually appears on lateral skull roentgeno- 
grams us a C-shaped calcification open 
posteriorly, a variable distance anterior to 
the pineal calcification (Fig. 1). When the 
patient has an infra-pineal recess in his 3rd 
ventricle, the C outlines the small projec- 
tion into the 3rd ventricle between the 
supra-pineal and infra-pineal recesses. The 
habenular calcification has а transverse 
diameter of approximately 4 mm.; there- 
tore, the more closely the central ray of the 
roentgen-rav beam passes along this diame- 
ter, the better the chance of showing it. 
When stereo lateral roentgenograms of the 
skull are made, the first roentgenogram is 
usually made with the central гау of the 
roentgen-ray beam т inch above and 1 inch 
anterior to the external auditory canal and 
the second roentgenogram 1s made with the 
tube shifted towards the top of the head, 10 
per cent of the focal-film distance. The 
central rav is then about on the same trans- 
verse plane as the habenular commissure. 
Itis not incommon to see a classic habenu- 
lar calcification on the shift roentgenogram 
but onlv a small blob on the true lateral 
roentgenogram (Fig. 2, 7 and 8) of a stereo 
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Fic. т. Habenular calcification and pineal calcification on the lateral skull roentgenogram. 


pair. Sometimes, we see habenular calcifica- 
tion onlv on the shift roentgenogram (Fig. 
3, 4 and В) of a stereo pair. Occasionally, 
we see habenular calcification without 
pineal calcification. Sometimes we see only 
the upper or lower arm of the C (Fig. 4, 4 
and 8). 

For best visualization. of intracranial 
caleincation, the densitv of the roentgeno- 
grams should be such that the calcification 
Is in a medium grav area. The roentgeno- 
gram must have good contrast. Dense high 
contrast skull studies are more informative 
for nearly all purposes than normally ex- 
posed films, but often must be viewed in a 
high intensity illuminator. 

The habenular calcification 1s sometimes 
visible on anteroposterior roentgenograms 
even when the pineal gland is not calcified 
(Fig. 5 £). It is necessary to make roent- 
genograms with the central ray parallel to 
the long axis of the habenular calcification. 
The axis of the arms of the habenular calci- 
fication is usually parallel to the long axis of 
the pineal. For best visualization of either 
or both the pineal and habenular calcifica- 
tion, the angle between their long axes and 
the Frankfurter horizontal is measured on 
lateral skull roentgenograms (Fig. 6) and 


~ 


anteroposterior roentgenograms are made 


with the central ray at that angle. The best 
average angle is approximately 20°. This 
projection is termed Ruggles’ projection or 
tronto-occipital projection, 20°. On frontal 
roentgenograms it 15 even more necessary 
to have high density high contrast films 
since in the Ruggles projection often the 
pineal-habenular calcification is projected 
over the shadow of the occipital protuber- 
ance. 

To establish measurements of the haben- 
ular commissure, 100 consecutive sets of 
skull examinations were chosen. Each set 
consisted of adult skull roentgenograms 
showing typical habenular calcification. 
Each patient had a skull of normal size and 
also a fairly normal encephalogram. By 
fairly normal encephalogram is meant one 
with little or no shift of the midline struc- 
tures, little or no ventricular asymmetry 
and ventricles of normal size or only 
slightly dilated. 

The measurement of the anteroposterior 
diameter of the skull was made ina straight 
line Кот the most anterior of the inner 
table shadows of the frontal bone to the 
most posterior of the inner table shadows of 
the supratentorial part of the occipital bone 
along the line of the habenular calcification. 
The maximum length was taken. The mea- 
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Fic. 2. (4 and В) Stereoscopic lateral skull roentgenograms showing different appearances 
of the habenular calification. 





Fic. 3. (4 and B) Stereoscopic lateral skull roentgenograms showing the habenular calcification on 
one of the stereo pair. 


only 
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surement from the cranial vault to the fora- 
men magnum was made by taking the low- 
est of the inner table shadows of the vault 
of the skull at the vertex and dropping a 
straight line through the habenular calcifi- 
cation to the foramen magnum line, the line 
joining its anterior and posterior margins. 
'The measurements from the inner table of 
the frontal bone to the habenular and from 
the vault to the habenular were made from 
the same points on the skull to the apex of 
the C-shaped habenular calcification. 
Charts showing the results of the 100 mea- 
surements are shown in Figures 7 and 8. It 
will be noted that the spread of habenular 
calcifications in an anteroposterior direc- 
tion is 24 mm. This spread could be de- 
creased to 18 mm. with the loss of only 3 
patients. These 3 would then all show false 
positive anterior displacements. This would 
still give approximately 95 per cent сопћ- 
dence in a measurement of a habenular 
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Vic. 4. Linear habenular calcification shown on (4) the plain skull roentgenogram and on (8) the pneumo- 
encephalogram (autotomogram). 


commissure in an anteroposterior direction. 
The spread of normal measurements in a 
vertical direction is Ig mm. This measure- 
ment cannot be reduced without loss of a 
number of normal cases from both the 
upper and lower edge of the group. 


DISCUSSION 


Displacement of intracranial structures 
by expanding processes varies with the size 
of the lesion, its situation and its rate of 
growth. Positive findings are much more 
valuable than negative findings. 

There are some generalities about dis- 
placements of the pineal or habenular calci- 
fication that are of value. ??5 Expanding 
lesions lateral to the pineal-habenular region 
produce early and/or great lateral displace- 
ment of these structures with little or no 
forward or backward displacement. Ex- 
panding lesions that are situated anteriorly 
or posteriorly in the supratentorial part of 
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Fic. 5. Habenular calcification without visible pineal calcification shown on both (4) frontal and (B) lateral 
skull roentgenograms. 


the cranium produce little side to side dis- 
placement. They are more apt to produce 
anterior or posterior displacement. Expand- 
ing lesions high in the cranium usually pro- 
duce downward displacement of the pineal 
and/or habenular calcification, rarely ante- 
rior or posterior displacement. Posterior 
fossa lesions may produce upward displace- 
ment but rarely any anterior or posterior 
displacement. Sizable supratentorial ex- 
panding lesions and also obstructive hydro- 
cephalus of the lateral and 3rd ventricles 
produce downward displacement of the 
pineal and habenular calcification, signify- 





|16. 6. The average plane of the pineal calcifica- 
tion and habenular calcification. 


ing herniation of the brain downwards 
through the tentorial opening. 

No table of measurements will exclude 
all tumors. In using either pineal measure- 
ments or habenular calcification measure- 
ments, 16 15 necessary to use some judg- 
ment. If the habenular calcification falls 
outside or the normal limits, then it is verv 
likely displaced. If the habenular calcifica- 
tion 1s at the anterior, posterior, superior or 
inferior limits of normal, then displacement 
should be suspected and further examina- 
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INNER TABLE OF FRONTAL BONE TO HABENULAR 


lic. 7. Chart of the anteroposterior measurements 
of 100 habenular calcifications in normal patients. 
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INNER TABLE OF VAULT TO HABENULAR 
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INNER TABLE OF VAULT TO FOR. MAGNUM 


Fig, 8. Chart of vertical measurements of 100 
habenular calcifications in normal patients. 


tions carried out. If the habenular calcifica- 
tion is in normal position, it does not ex- 
clude small tumors, certain medium sized 
tumors in certain locations or small bilat- 
eral expanding lesions. 


SUMMARY AND CONCLUSION 


The habenular calcification 1s uniquely 
identified by its shape. It varies somewhat 
less in position than the pineal calcification. 

Charts showing the position of the ha- 
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benular calcification in normal adult skulls 
have been constructed. 

The pineal calcification should be mea- 
sured by Fray’s method or the habenular 
calcification by the here reported method 
on all lateral skull roentgenograms. 


Montreal Neurological Institute 
3801 University Street 
Montreal 2, Quebec, Canada 
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IHE DILATED CALLOSAL SULCUS SIGN* 


By HAROLD С. JACOBSON, M.D., ALAN E. ZIMMER, M.D., MANNIE M. SCHECHTER, M.D., 
and JEROME H. SHAPIRO, М.р. 


NEW YORK, NEW YORK 


[5 1955 SASSAROLLD for the first time 

stressed the importance of the behavior 
of the callosal sulci over the medial surface 
of the brain during pneumoencephalogra- 
phv in the presence of obstructing intra- 
cranial neoplasms in or near the midline. 
He reported 4 cases, 3 of which had pos- 
terior fossa lesions and 1 an optic nerve 
glioma. In 2 of the 4 cases with cerebellar 
tumors, there was no filling of the ventricu- 
lar system on pneumoencephalographv, but 
the callosal sulci were outlined and dilated. 
In the remaining 2 cases, the callosal sulci 
were outlined: in the case with aqueduct 
stenosis the fourth ventricle filled, and in 
the other case, with a presumptive diagnosis 
of optic nerve glioma, an elevated and 
deformed third ventricle was outlined. In 
this latter case no ventriculography was 
performed. In the other 3 cases ventricu- 
lography demonstrated the site of obstruc- 
tion, 

In 1958, Schechter, Bull and Carev’ 
referred to two new encephalographic signs 
of pressure hydrocephalus and reported 4 
cases. In 3 of the 4 cases, there was no gas 
in the ventricular system on lumbar en- 
cephalography; however, the callosal sulci 
were outlined and dilated. In a fourth case, 
a small amount of gas was seen in the 
fourth ventricle together with dilated 
callosal sulci. In 1 case there was a cerebel- 
lar astrocytoma, in 2 cases aqueduct steno- 
sis, and ina fourth case outlet obstruction 
of the foramina of the fourth ventricle due 
to a fibrosing arachnoiditis. In 3 of the 4 
cases, the cisterna veli interpositi and am- 
biens were outlined and dilated. In 1 case 
the cingulate sulci were grossly enlarged. 
These authors stressed the importance of 
recognizing the significance of abnormal 


dilatation of the sulci of the corpus cal- 
losum, the cingulate sulci, and the sulci 
over the cerebral cortex in obstructing 
lesions, particularly in the area of the 
fourth ventricle. They further emphasized 
that such dilatation did not necessarily 
indicate brain atrophy. The appearance of 
the dilated callosal sulci in the frontal views 
was likened to “rabbit ears" by these 
authors. 

Up to the time of the paper by Schechter 
et al., other authorst>®7 had demonstrated 
examples of the dilated callosal sulcus sign 
without commenting further on its signifi- 
cance. 

Roth, in 1961, reported 6 cases of poste- 
rior fossa lesions, in 3 of which there was 
dilatation ot the callosal sulci with no filling 
of the ventricles. In 1 case the callosal sulci 
were dilated, as was the cisterna veli inter- 
positi, with only a trace of air in the lateral 
ventricles. In Roth's fifth case neither the 
ventricles nor the callosal sulci were out- 
lined, but there was slight dilatation of the 
cisterna ambiens and veli interpositi. In his 
sixth case there was good ventricular filling 
with marked hydrocephalus, but the cal- 
losal sulci were dilated and there was en- 
croachment on the cisterna pontis. Roth 
refers toa “butterfly” pattern which appar- 
ently is due to filling of dilated bilateral 
ambient wings. 

The largest series of cases reported to 
date has been that of Pribram! in 1962. Не 
presented a total of 24 cases of which 15 
were confirmed as posterior fossa tumors. 
On pneumoencephalography, ventricular 
filling was reported to be absent in all cases. 
In 13 of the 24 cases, the callosal sulci were 
dilated. The correct diagnosis in this series 
was made by demonstrating one or more of 
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Roentgenogram of a sagittal section through 
the brain. The sulcus of the corpus callosum is out- 
lined with solder (large arrow), and the cisterna 
veli interpositi and a portion of the quadrigeminal 
cistern (small arrow) are filled with barium paste. 


FIG. I. 


the tollowing findings: hydrocephalus, her- 
niation of the cerebellar tonsils, flattening 
of the pontine cistern, displacement of the 
quadrigeminal plate, displacement and 
dilatation of the vallecula and outlining of 
the tumor itself. 

Pribram stressed the importance of the 
dilated callosal sulci with failure of ventric- 
ular filling in the presence of posterior fossa 
tumors in the "failed" encephalogram. 


ANATOMY 


The pericallosal cistern (Fig. 1) encloses 
the corpus callosum. This cistern communi- 
cates with the cisterna of the lamina termi- 
nalisin front, and behind with the cistern of 
the great vein of Galen and the ambient 
cistern. Thus, the corpus callosum, in form- 
ing the roof of the lateral ventricle, is a true 
indicator of ventricular dilatation and 
displacement. The ambient cistern is a 
twofold cistern, with the cistern proper 
extending in a fan-wise margin around the 
brain stem and with the ambient wings 
lving deep in the tornix. These wings enfold 
the thalamus and the foramen of Monro in 
front, cap the pulvinar, and extend forward 
and medially to the temporal horn, finally 
ending against the uncus. Each wing com- 
municates with its fellow member above 
the roof of the third ventricle and below the 
hippocampal commissure. The membran- 


ous roof of the thirc ventricle is known as 
the velum interpositum and the potential 
space above it as the cisterna уећ inter- 
positi. On encephalograms, the ambient 
wings may be seen to curve outward and 
forward around the thalamus, although 
they are not commonly visualized. Al- 
though Robertson stated that the cisterna 
veli interpositi 15 found in all age groups, ће 
attributed no particular significance to its 
filling. Pribram, on the other hand, felt that 
when this cistern was distended in the 
"failed" encephalogram, the presence of a 
tumor was suggested--an observation pre- 
viously made by Schechter 2 al. and Roth. 

Aside from the aforementioned papers, 
the importance of dilated callesal sulci in 
the “failed? pneumoencephalogram has 
been insufficiently emphasized 1n the radio- 
logic literature, particularly in the United 
States. It is, therefore, our purpose in this 
paper to present a series of cases which 
demonstrates the importance of a proper 
evaluation of the "failed" encephalogram, 
with particular emphasis on the demonstra- 
tion of dilated callosal sulci in the absence 
of ventricular filling. 


CLINICAL MATERIAL 


We have collected a series of 22 cases 
from the radiology services of the Montef- 
ore Hospital, Albert Einstein College of 
Medicine and St. Vincent’s Hospital, all in 
the City of New York. 

We have chosen to divide the patterns of 
the pneumoencephalographic findings into 
3 major categories in order to aid in the 
proper location of the site of obstruction. 
Category 1 deals with the classic findings on 
pneumoencephalograms in which there 15 
no gas in the ventricles, but there is dilata- 
tion of the callosal sulci and in some in- 
stances the cisternae veli interpositi and 
ambiens. Category п relates to those cases 
in which there is only a minimal degree ot 
ventricular filling (generally only the fourth 
ventricle) but again with dilated callosal 
sulci. In Category 111 there is filling of the 
lateral ventricles associated with dilatation 
of the callosal sulci; the findings in this 
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category may closely 
brain atrophy. As noted in Table 1 there 
were 17 cases in Category 1, 4 cases in Cate- 
gory п, and 1 case in Category ти. 

Short summaries of each of the 22 cases, 
including the pneumoencephalographic and 
ventriculographic findings, together with 
the results on angiography, when per- 
formed, are given in Table и. The op- 
erative and/or autopsy findings are in- 
cluded. lllustrative material in 10 of the 
22 cases with 8 cases from Category 1 and 1 
each from Categories п and 11 15 pre- 
sented in Figures 2.7 through 24, inclusive. 


Figure 25, 4, B and C shows a case of 


cortical and cerebral atrophy without an 
obstructing lesion. 


DISCUSSION 


The significance of the appearance of 


dilated callosal sulci in the "failed" enceph- 
alogram becomes obvious from an evalua- 
tion of our material. In this connection, we 
have noted that where air encephalography 


tails for technical reasons in the absence of 


an obstructing lesion, the callosal sulci will 


generally not appear dilated, regardless of 


the amount of air injected. Thus, the pres- 
ence of dilated callosal sulci d nonvisu- 
alization or onlv slight filling of the ventric- 
ular svstem generallv indicates an obstruct- 
ing lesion, usuallv 1n the posterior fossa, but 
occasionally elsewhere at or near the mid- 


line. Additionally, we note from Table 1 
that in the Category 1 patient (17 cases) 


with the classic pattern of dilated callosal 
sulci and nonfilling of the ventricular SVS- 
tem a posterior fossa obstructing lesion— 
either a neoplasm or adhesive arachnoiditis 
— is generally present. Lesions that ob- 
struct the aqueduct or posterior part of the 


third ventricle will produce examples of 


Category п (4 cases) 1n which gas 15 seen in 
the fourth ventricle with dilated callosal 
sulci. Our single case in Category 111 should 
serve to illustrate that ventricular filling 
with dilated callosal sulci may indicate a 
posterior fossa mass lesion and not brain 
atrophy alone. Our observations concerning 
the relationship of the site of the lesion to 


The Dilated Callosal Sulcus 


simulate those of 
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Tape | 
r „а ig- 


| Cate- Caie- 


Types of Lesions gory | gorv | gory 
do su IE HI 
A Infratentorial (block at | | 
4th ventricle) | | 
Primary cerebellar tumors 5 | 
Cerebellar metastases | 3 | | 
Cerebellopontine angle | 
tumors | | 
Meningioma л | 
Neurinoma а | 
Vibrosing arachnoiditisor 2 | 
exudate blocking 4th | | 
ventricle | | 
Tentorial meningioma | 1 | | 
Mass lesion of undeter- | 1 | 1 | 
mined type | | | 
B Tentonral notch (falco. | | 
tentoria! junction) (block | | 
at aqueduct) | | | 
Glioma of midbrain — | 1: - | 
and thalamus | | 
Meningioma of free | a | 
margin of the ten- | | 
torium | | 
Cystic cerebellar | 1 | 
astrocytoma | | 
ucc dele бри C olds D n Le | 
C Supratentorial (block at | 
interventricular foramina) 
Falx meningioma | го | 
Intraventricular glioma. ME 
Total | 


the category appear to be substantiated in 
some measure by the cases described in the 
literature (see Table 111), although a defini- 
tive appraisal of all the published cases is 
not possible, greatly limiting our evalua- 
tion. 

It should be noted that it is possible to 
demonstrate dilated callosal sulci with no 
ventricular filling on a pneumoencephalo- 
graph: ic study, and on a subsequent exami- 
nation to find ventricular filli ing with dem- 
onstration of the site of obstruction (see our 


Case 16). 


(Continued on page 555) 
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l 1 
ool No. | Нее ерла ну Ventriculography | Angiography Purgical or naa F (ndings 
Сале I | Nonfilling of ventricles on | Moderate hydrocephalus, | None Right cerebellopontine an- 
L. G., male, | two attempts. Slight dila- | Aqueduct and 4th ventricle | gle tumor-neurinoma of th 
aged 45 | tation of sulcus of corpus | displaced to the left and | nerve 
callosum. Narrowed cis | backward 
| terna pontis. Soft tissue | | 
| mass in right cerebellopon- | | 
tine angle | | 
Case 2 | | Nonfilling of ventricular | о ра, 4th ven- | Riche aed angiogram | Two negative — posterior 
№. S, male, | system on two attempts. | tricle not filled, Positive | | demonstrated only hydro- | fossa explorations. At post- 
aged 33 | Dilated sulcus of corpus | contrast study demonstrat- cephalus | mortem examination fibros- 
| callosum | ed dilated 4th ventricle and | лмо arachnoiditis blocking 
| | minimally patent ventricu- | the outlet foramina of 4th 
| | lar system | ventricle, Purulent mem- 
| | | brane found in lining of 3rd 
| | | and lateral ventricles 
Case 3 | No ventricular To Di- | Large occipital cystic mass | None · Cystic neoplasm of occipt- 
A. G., male, | lated sulcus of corpus cal- | communicating with the | | tal region. communicating 
aged 63 | losum, slight narrowing of | ventricles (posterior fossa | | with the left lateral ventri- 
| cisterna pontis, Nonfiling | views unsatisfactory) | | cle; metastatic adenocar- 
| of superior cerebellar cis- | | | спота, Presumptive cere- 
| terns and cerebellar sulci | | | bellar metastasis unproved 
| | | (по autopsy) 
Ree eA eae nee Re У па рана Боља ера MOT " 
Case 4 ET véniticular M Di- | | Left carotid angiogram Large (100 gm.) bifrontal 
S. S., female, | lated sulcus of corpus cal- | | demonstrated displace- | falx meningioma blocking 
aged 65 | | losum | | ment and draping of both | the interventricular foram- 
| | anterior cerebellar arteries | ina 
| | posteriorly and around | 
| | | midline mass. Posterior 
| | | telescopingof internalcere- 
| | | bral vein 
Case $ | No filling of ventricles. Di- | Dilated lateral and 3rd | None Fibrocytic meningioma aris- 
С. L., female, | lated sulcus of corpus cal- | ventricles, Aqueduct | ing from left lateral wall of 
aged $9 losum. Slight dilatation of | kinked forward; aqueduct | tentorium 
| cisterna ambiens, Nar- | and 4th ventricle displaced | 
| rowed cisterna pontis | to right 
i i 
Case 6 No ventricular filling. Di- | Aqueduct kinked forward | Complete occlusion of ori- : Left cerebellar metastasis 
Р. В., male, — | | lated right sulcus of corpus | and displaced to right | gin on the right internal | 
aged 69 | callosum. Shghtly dilated | | carotid artery, Both ante- | 
| cingulate sulcus. Slight en- | | riorand middle cerebral ar- | 
| croachment on cisterna | | teries filled on left carotid | 
| pontis | | angiography. Evidence of | 
| | | hydrocephalus prompting | 
| | | рвеитоепсерћајовтарћу | 
pero es | m es ct eR 
Case 7 | No ventricular filling. Nar- | Aqueduct kinked forward | None Right cerebel m astrocytoma 
С. A., male, | rowed cisterna pontis. Di- | and displaced to left | ; 
aged 33 | lated sulcus of corpus cal- | | | 
| | losum | | 
Case 8 | Ме МЕН ЈЕ Alling. Di- | Kinked aqueduct displaced Left vertebral angicgram | Right аА metastasis 
J. M., female, | lated sulcus of corpus cal- | to left | noncontributory | (? from uterine carcinoma) 
aged $1 | losum, Over-filling of the | | | 
| cisterna ambiens. Oblit- | | | 
| erated cisterna pontis. | | ; 
Postoperative pneumoen- | | 
| cephalogram normal ex- | | | 
| cept for dilated 4th ven- | | | 
| tricle | | | 
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Tape П (Continued) 





Case No. Pneumoencephalography 





M. W., male, 
aged 22 mo. 


ated. Dilated suleusofcorp- 
us callosum, Dilated cis- 
terna ambiens, Narrowed 
cisterna pontis 






pr—X— n————M———: 


Case 12 
J. O., male, 
aged 41 


lated sulcus of corpus cal- 
losum. Dilated cisterna 
veli interpositi, Narrowed 
cisterna pontis 


Case 11 
P. O., male, 
aged 6 


No ventricular filing. Di- 


pontis, Cerebellar tonsil 
herniation, Filling of cis- 
terna veli interpositi 


Case 12 
M. N., male, 
aged 59 


Two pneumoencephalog- 
raphies. No ventricular fill- 
ing first attempt; slight 
second attempt. Dilated 
sulcus of corpus callosum. 
Narrowed cisterna pontis. 
Tumor outlined by air in 
right cerebellopontine an- 
gle 


$ 
i 
| 





No ventricular filling, Хаг- 
rowed cisterna — pontis. 


Case 13 
H., female, 
aged 16 
callosum. 
tion of cisterna veli inter- 
positi. Dilated, deformed 
cisterna magna 


Case 14 | 
M. D., female, | 
aged 25 


callosum. Maltiple dilated 
cerebral sulci, No ventricu- 
lar filling 


R. К., male, | No ventricular 


callosum. 


aged 39 | filling 
Case 16 | Ist pneumoencephalogram. 
S. W., male, | | No ventricular filling, di- 


lated sulcus of corpus cal- 
losum. Dilated ambient 
cisterns, Narrowed cisterna 
pontis, 2nd  pneumoen- 
| cephalogram, 4th ventricle 
| rotated and displaced for- 
| ward 


aged 63 


Case 17 
P. F., male, 
aged 18 mo. 


No ventricular filing. Di- 
lated sulcus of corpus cal- 
losum. Cerebellar tonsil 
herniation, Marked nar- 
rowing of cisterna pontis 


No ventricular filling. Di- | 


lated sulcus of corpus cal- | 
losum. Narrowed cisterna | 





Ventriculography 


| Aqueduct and ventricles | Nore 


kinked forward and dis- 
placed to left 





Obstruction with defect in | Righ: 


back of 3rd ventricle 


i 
i 
i 





| Marked forward kinking of - 
the aqueduct without defi- | 





| nite lateral displacement | 
| | 


Angiography 


carotid angiogram 
noneontributory 








‘Surgical or Autopsy Findings 


———————————— á 


Right cerebellar astrocytoma 





Glioblastoma multiforme of 
midbrain and thalamus з 
volving back of зға ven- 
tricle 


| Medulloblastoma of vermis 
| and left cerebellar hemi- 
sphere 


Dilated sulcus of corpus | 
Marked dilata- | 


Dilated sulcus of corpus | 





None 


H 
+ 
$ 
i 


Slight ventricular dilata- 
tion. Aqueduct and 4th 
ventricle not seen 





Aqueduct kinked and dis- 
placed to left 


None 


Large concave defect in 


| None 





Left vertebral angiogram 
showed elevation of right 
supezior cerebellar artery, 
Dista! basilar artery dis- 





Right cerebellopontine an- 
gle meningioma 


i 
і 


placed to left. Slightly de- | 


pressed right posterior in- 
ferio" cerebellar artery 


| None 


Vertebral angiogram equiv- | 


ocal 


Vertebral 
noncer tributory 


1 


| None 


back of 3rd ventricle. Aq- | 

ueduct and 4th ventricle | 
| depressed—confirmed by | 
| positive contrast study 


angiography 


1 
| 


Cerebellar sarcoma 


Thickened arachnoid above 
optic chiasm and over con- 
vexities of brain. Dilated 
ventricular system with ob- 
struction of outlet foramina 
of 4th ventricle by granulo- 


| mata and arachnoid thick- 
| ening due to sarcoidosis. 
| Typical sarcoid — granulo- 
| mata found in lungs and 


hilar lymph nodes at au- 
topsy 





Malignant melanoma; me- 
tastasis in right cerebellar 
hemisphere 


i 
i 





Primary lymphoma in left 
cerebellar hemisphere 


i Large bilateral cerebellar 
astrocytoma which had 
grown through the tentorial 


notch pot 





ped ront s 
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TaBLe II (Continued) 
Category 11 
Case No. Pneumoencephalography Ventriculography | Angiography Surgical or Autopsy Findings 
Case 18 Dilated sulcus of corpus | Large lateral ventricles. | None Fibrillary astrocytoma in 
R. K., male, callosum displaced upward | No filling of 3rd ventricle. | right lateral ventricle, 3-4 
aged 49 (hydrocephalus). | Small Tumor separating frontal cm. in diameter, almost oc- 
amount of air ir. 4th ven- | horns cluding it at level of globus 
tricle | | pallidus and blocking inter- 
ventricular foramina 
Case 19 | Slight ventricular filling. | Marked dilatation of lat- | Left carotid angiogram | Swollen right cerebellar 
G. L., female, Sulcus of corpus callosum | eral ventricles. Forward | normal hemisphere. Negative nee- 
aged 63 | tilted. Narrowed cisterna | kinking of aqueduct dle biopsy 
pontis 
Case 20 Dilated sulcus of corpus | Kinked aqueduct Vertebral angiogram | Meningioma of free margin 
O. V., male, callosum. 4th ventricle showed splaying of ooste- | of tentorium 
aged 45 filled rior cerebralarteries. Could 
not opacify great vein of 
Galen 
Case 21 Dilated sulcus of corpus | None | Splaying of posterior cere- | Meningioma of free margin 
]. G., female, | callosum. Narrowed cis- bral arteries of tentorium 
aged 20 terna pontis. 4th ventricle | 


filled and depressed 














Category 111 














Case No. Pneumoencephalography | Ventriculography | Angiography Surgical or Autopsy Findings 
Case 22 Dilated lateral and 3rd | Kinked aqueduct None Right cerebellar metastasis 
B. M., female, | ventricles. Dilated sulcus | | from breast carcinoma 
aged 47 of corpus callosum. Gener- 


alized filling of dilated cere- 
bral sulci. 4th ventricle and 
aqueduct not adequately 
visualized 











Fic. 2. Case т. A 45 year old male with a right cerebellopontine angle neurinoma (Category 1). (4) Postero- 
anterior standard and (3) lateral erect autotomogram during pneumoencephalography show no filling of 
the ventricular system. The callosal sulci are outlined and are slightly dilated (arrows). 
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Fic. 3. Case 1. (4) A reverse Chamberlain-Towne view during ventriculography shows the fourth ventricle 
displaced to the left (arrow). (B) Brow-down lateral autotomogram during ventriculography shows the 
fourth ventricle displaced posteriorly. (C) A mid-line lateral laminagram shows the aqueduct displaced 
posteriorly; the fourth ventricle is not delineated. This finding confirms the laterality of the lesion. 

This case is typical for Category 1 with the operative findings confirming the diagnosis of a right cere- 
bellopontine angle mass—in this instance a neurinoma. 


3A 
Ur 
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Fic. 4. Case 2. А 33 year old male with outlet obstruction of the fourth ventricle (Category 1). (4) Postero- 
anterior and ( 5) lateral erect pneumoencephalograms show nonvisualization of the ventricles. The callosal 
sulci are outlined and dilated (arrows), and their position suggests that the lateral fluid-filled ventricles are 
dilated. 





Fic. 5. Case 2. (4) Anteroposterior and (B) lateral supine brow-up ventriculograms show considerable 
dilatation of the front half of the lateral ventricles and the frontal horns. The interventricular foramina are 
dilated, with a small amount of gas in the anterior and upper aspect of the third ventricle. Opaque medium 
from a previous positive contrast study 1s seen in the third ventricle, a part cf the fourth ventricle, and in 
the upper portion of the spinal canal. The findings suggest an incomplete ou-let obstruction of the fourth 
ventricle. 

At autopsy, a dense fibrosing archnoiditis obstructing the outlet foramina of the fourth ventricle was 
found, together with a purulent membrane lining the lateral and third ventricles. 
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Fic. 6. Case 4. A 65 year old female with a bifrontal falx meningioma (Category 1). (4) Posteroanterior and 
(B) lateral erect pneumoencephalograms show an absence of gas in the lateral ventricles. There is dilatation 
of the callosal sulci (arrows). There is gas seen subdurally under the tentorium on each side. 





7. Case 4. (4) Frontal and (5) lateral 
roentgenograms during right cerebral angi- 
ography show posterior displacement and 
separation of both anterior cerebral arteries 
which circumscribe a mass. (C) A lateral 
phlebogram shows the internal cerebral vein 
to be telescoped backward (arrow). 

At operation, a bifrontal falx menin- 
gioma was found. Obstruction of the in- 
terventricular foramina by such tumor con- 
stitutes an unusual case of the dilated cal- 
losal sulcus sign. 


Fic. 7 
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Fic. 8. Case 5. А 59 year od female with metastasis in the right cerebellar hemisphere (Category 1). (4) 
Posteroanterior and (В) lateral erect pneumoencephalograms fail to show visualization of the ventricular 
system. The callosal sulci are outlined and are markedly dilated. The cisterna pontis is encroached upon 
(arrow ). 


У 
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Fic. 9. Case 5. (4) A prone reverse Chamberlain-Towne ventriculogram shows marked dilatation of the 
bodies of the lateral ventricles. The fourth ventricle is faintly defined (arrow) and is displaced slightly to the 
right. (B) A recumbent lateral ventriculogram shows considerable dilatation of the ventricular system. 
The aqueduct is filled in its upper half (arrow) and is kinked and displaced forward. The fourth ventricle 
is not clearly identified. 

A fibrocystic meningicma arising. from the lateral wall of the tentorium on the left side was found 
at operation, representing another positive example of the dilated callosal sulcus sign. 
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Fic. то. Case 8. А 51 year old female with a right 
cerebellar hemisphere metastasis (Category 1). An 
erect lateral pneumoencephalogram shows gas in 
the cervical spinal canal; there is no gas in the 
ventricular system. The callosal sulci are outlined 
and quite dilated (large arrow). The cisterna 
pontis 1s obliterated (small arrow). 





Fic, 12. 
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Case 9. A 22 month old male infant with a 
right cerebellar hemisphere astrocytoma (Cate- 
gory 1). A brow-up lateral pneumoencephalogram 
shows no gas in the ventricular system. There is 
gas in the front half of the dilated callosal sulci. 
There is encroachment on the cisterna pontis. 


F 





Fic. 11. Case 8. А brow-down lateral ventriculo- 
gram shows marked dilatation of the posterior half 
of the ventricular system with gas in the posterior 
portion of the third ventricle as well as the upper 
segment of a kinked and anteriorly displaced 
aqueduct (arrow). 

A metastatic the right cerebellar 
hemisphere was found at operation, again con- 
firming the importance of the sign. 


lesion in 





Fic. 13. Case 9. A lateral brow-down autotomo- 
gram during ventriculography shows considerable 
dilatation of the posterior half of the lateral ven- 
tricle and third ventricle. Gas outlines the aque- 
duct and a portion of the fourth ventricle with 
kinking and forward displacement of the aqueduct. 

A right cerebellar hemisphere astrocytoma was 
found at operation. 
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liG. 14. Case то. A 41 year old male with a glioblastoma of the thalamus (Category 1). Erect half-axial (4) 
posteroanterior and (B) lateral pneumoencephalograms show no gas in the ventricular system. The callosal 
sulci are outlined and are dilated. Gas is seen in the dilated cisternae ambientes and veli interpositi (arrows). 





l'1G. 15. Case то. A lateral right-sided carotid angio- 
gram in the venous phase shows the interior cere- 
bral vein to be bowed upward considerably (ar- 
row). Gas is seen in the frontal horns, residual 
frem a ventriculogram. 
This case is another example of Category 1 with 
a glioblastoma multiforme found at autopsy in the 
thalamus, growing across the midline and obstruct- 
ing the posterior portion of the third ventricle and 


(Continued from page 549) 
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We have noted examples of the “‘failec 
encephalogram in which there is a small 
amount of gas in the cisterna pontis en- 
croached upon by an anteriorly displaced 
pons due to a posterior fossa mass, with 
nonvisualization of the ventricular system 
and the callosal sulci. In such instances, 
cerebellar tonsil herniation, diminished 
filling of the cerebellar sulci, displacement 
of the vallecula and, occasionally, outlining 
of the tumor itself may aid in the correct 
diagnosis. 

We would like to state the following 
observations and principles that we have 
derived from the evaluation of our clinical 
material: 

1. The majority of our cases showing a 
dilated callosal sulcus sign on pneumoen- 
cephalography (Categories т and п) com- 
prises lesions in or near the mid-line, for the 
most part in the posterior fossa. Most of 
these lesions are cerebellar tumors, either 
primary or metastatic, cerebellopontine 
angle tumors, meningiomas arising from 


the aqueduct. Note the relationship of the dilated 
cisterna veli interpositi to the internal cerebral 
vein. 
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Fic. 16. Case 12. А 59 year old male with a right cerebellopontine angle meningioma (Category 1). (4) 
Posteroanterior and (8) lateral pneumoencephalograms show no gas in the ventricular system. The callosal 
sulci are outlined and are slightly dilated. Subdural gas is seen posteriorlv. 





liG. 17. Case 12. A second pneumoencephalogram 
obtained 3 days later resulted in partial ventricular 
filling and demonstrates in this autotomogram 
gas in the posterior portion of the third ventricle 
and in the aqueduct, which is bowed and dis- 
placed backward. Gas is seen in the subdural 


space. 


МУСА 
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Fic. 18. Case 12. A frontal view during vertebral 
angiography performed immediately following the 
second pneumoencephalogram shows elevation of 
the right superior cerebellar artery (small arrow). 
The lateral margin of the tumor is faintly out- 
lined by gas (large arrow). 

A meningioma of the right cerebellopontine 
angle was found at operation. This case demon- 
strates that a pneumoencephalogram may occa- 
sionally outline the ventricular system after a 
“failed” first attempt. 





H. G. Jacobson, A. 
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Fic. 19. Case 13. A 16 year old female with a cerebellar sarcoma (Category 1). Erect (4) frontal and (8) 
lateral pneumoencephalograms show no filling of the ventricular system. The callosal sulci are outlined and 
dilated. There is a markedly dilated cisterna veli interpositi seen in the mid-lire (arrow). 


the free margin of the tentorium, aqueduct 
stenosis and obstructive arachnoiditis of 
the outlet foramina of the fourth ventricle. 

2. In addition to visualization of dilated 
callosal sulci, one may find dilatation of the 
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lic. 20. Case 13. А brow-down lateral ventriculo- 
gram shows a dilated ventricular system in its 
posterior half. The aqueduct and fourth ventricle 
were never adequately outlined. 

A cerebellar sarcoma was found at operation. In 
addition to the dilated callosal sulcus sign, the 
striking finding here is a markedly dilated cisterna 
vei interpositi which may be seen as part of this 
syndrome. 


cisterna ambiens, cisterna veli interpositi, 
cingulate sulci and other cerebral sulci. 

3. In instances of good filling of the 
ventricular system when the callosal sulci 
are dilated, one should not settle for less 
than adequate and definitive delineation of 
the aqueduct and fourth ventricle in both 
frontal and lateral projections 1n order to 
exclude an obstructing lesion; in this wav a 
mistaken diagnosis of brain atrophy may be 
avoided. 

4. We would probably have a signifi- 
cantlv larger series of cases for all 3 cate- 
gories, particularly Categories 1 and п, were 
the members of our neurosurgical division 
less conservative in their reluctance to 
perform or to have performed lumbar pneu- 
moencephalography rather than air ven. 
triculographv in patients with suspected 
fossa mass lesions. In this connection, in all 
of our cases of posterior fossa tumors and 
other obstructing lesions discussed in this 
paper (in a number of whom there was 
evidence of cerebellar tonsillar herniation), 
no untoward reactions to lumbar pneumo- 
encephalography were encountered. 


ETIOLOGY 


The cause for the occurrence of the di- 
lated callosal sulcus sign in the "failed" 
pneumoencephalogram is speculative. Sas- 
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Fic. 21. Case 18. А 49 year old male with ап 
astrocytoma of the right lateral ventricle ob- 
structing the interventricular foramina 
(Category п). Erect (4) frontal and (8) 
lateral roentgenograms together with (C) a 
horizontal lateral laminagram during pneu- 
moencephalography show dilatation mainly 
of the left callosal sulcus. There is no gas 
noted in the bodies of the lateral ventricles 
or the th rd ventricle. A small amount of 
gas Is seen on the laminagram in the fourth 
ventricle (arrow). 


saroli* attempted to explain this air collec- 
tion on a mechanical basis, stating that the 
"interhemispheric fissure" was compressed 
. by the intracranial hypertension. He felt 
that the lips of the sulci by their oblique 
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Fic. 22. Case 18. A supine frontal ventriculogram = 
shows a large mass occupying the medial aspect of 
the right lateral ventricle and extending past the 
mid-line. | 
At operation, an astrocytoma was found, occu- # + 
pying the right lateral ventricle and growing 
across the mid-line to obstruct the interventricular 
foramina. This case is an example of Category п. 
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Еіс. 23. Case 22. А 47 year old female with a 
right cerebellar metastasis (Category ш). 
Erect (.7) frontal and (B) lateral, and (C) 
brow-up lateral | pneumoencephalograms 
show dilatation of the callosal sulci with 
mild to moderate dilatation of the gas-filled 
lateral ventricles as well as the third ven- 
tricle. There is additionally generalized 
dilatation of the sulci over the convexities. 
The aqueduct and fourth ventricle were 
never adequately delineated. 





if 
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l'1G. 22. Case 22. А lateral horizontal ventriculo- 
gram shows considerable dilatation of the ven- 
tricular system with gas outlining the upper half 
of the aqueduct which is kinked and displaced 
anteriorly (arrow). 

At surgery, a right cerebellar mass was found 
due to metastatic carcinoma, primary in the 
breast. This case is representative of Category 11 
and could easily be confused on the pneumo- 
encephalograms with cerebral and cortical atrophy 
(see below). 
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lic. 25. (4) Erect frontal, (B) recumbent 
lateral, and (C) brow-up lateral pneumo- 
encephalograms show dilatation of the ven- 
tricular system with dilated callosal sulci. 

The pneumoencephalograms in this case, 
which is one of cortical and cerebral atrophy 
without an obstructing lesion, should be 
compared with the pneumoencephalograms 
of Case 22 (Fig. 25, 4, B and C), represent- 
ing a posterior fossa mass. 

(This patient died several months later. 
At autopsy a discrete lymphomatous mass 
was found in the fornix and posterior aspect 
of the 5rd ventricle. Because of the patient's 
debilitated condition visualization of the 
3rd ventricle was not optimal at the time of 
our air study. The contributory effect of the 
mass found at autopsy on the pneumoen- 
cephalographic findings is uncertain.) 


configuration became superimposed in a 
transverse direction and collapsed in a 
manner that caused air to remain trapped 
in the sulci. 

Roth’ also discussed a possible cause for 
the dilated callosal sulci and other sulci in 
posterior fossa mass lesions during pneu- 
moencephalography. He related these find- 
ings to the presence of tentorial herniation 
or "preherniation," causing an obstruction 
to the cerebrospinal fluid pathwav at the 
apex of the tentorial notch. It was his 
opinion that the cerebrospinal fluid was 
forced from the posterior fossa into the 
median or paramedian cisternal spaces. The 
supratentorial spaces, he felt, then eventu- 
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ally underwent selective dilatation because 
of the transmitted pressure of the cerebro- 
spinal fluid on these spaces. Roth buttressed 
his hypothesis by a demonstration of 
schematics and sections through the brain- 
stem dealing with transtentorial herniation. 

Schechter ef al.” did not attempt to ex- 
plain this phenomenon but simply pointed 
out this constellation of findings as a new 
sign and stressed that it should not be 
confused with brain atrophy. These authors, 
in a study of тоо normal encephalograms 
and an additional 100 cases showing brain 
atrophy, emphasized the infrequencv of fill- 
ing of the sulci of the corpus callosum in 
both groups. 
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Pribram suggested that dilatation of the 
cisterna veli interpositi could result from 
interference with the normal cerebrospinal 
fluid circulation, although he stated that 
this finding might occur as a result of dis- 
tortion or displacement of this structure. 
However, he advanced no other hypothesis 
for the dilated callosal sulci. 
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We have nothing conclusive to offer as to 
the mechanism for the dilated callosal 
sulcus sign. The mechanism for these find- 
ings in connection with transtentorial 
herniation as advanced by Roth is a logical 
one for infratentorial lesions. However, as 
we have pointed out previously, the dilated 
callosal sulcus sign may be seen with aque- 


Tarse III 
Category 
Author Case or Fig. No. Diagnosis 
I II III 
Sassaroli? Case 1 Aqueduct stenosis — I — 
19565 Саве 2 Cerebellar tumor I — = 
Саве 3 Optic nerve glioma — I -— 
Case 4 Tumor of 4th ventricle I — — 
Castellano and Ruggiero! Case 20 Meningioma of posterior fossa — 1 === 
1953 
Ruggiero? Case 6 Left acoustic neurinoma — I ~ 
1957 (p. 297) 
(p. 168) 
Robertson 1957 Fig. со (p. 156) 4th ventricle tumor I — — 
Schechter et al.? Case I Cerebellar astrocytoma — — I 
1958 Case 2 Sheet-like membrane blocking I — === 
outlet foramina of 4th ventricle 
Case 3 Aqueduct stenosis І — _ 
Case 4 Aqueduct stenosis — I = 
Roth’ Case I Cerebellar astrocytoma I -l 
1961 Case 2 Cerebellar astrocytoma — I ~ 
Сазе 3 Cystic cerebellar astrocytoma I — 
Case 4 No filling of sulcus of corpus — — — 
callosum 
Case 5 Arachnoidal cyst of cerebellum — — I 
Case 6 Cystic tumor of 4th vetricle I v — 
Pribram* 1962 13/24. Posterior fossa tumors 13* 
Taveras and Wood!? Fig. 202A Hypothalamic tumor I — — 
1964 (р. 1. 264) Large pituitary tumor 
Fig. 202 В Block of interventricular 
(р. 1.265) foramina I — — 
Totals 23 6 2 (Total 31) 





Total Present Authors 


17 4 1 (Total 22) 





Total 


40 то 3 (Total 53 cases) 





* 15 Category 1 cases which are not all illustrated or discussed in Pribram's paper. 
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duct stenosis and supratentorial lesions. 
Thus, it may be that the obstructive hydro- 
Toe found in our cases and in those in 
the literature results in transmitted pres- 
sure to the cerebrospinal fluid around the 
brain which forces fluid into the callosal 
sulci, ambient cisterns, and cisterna veli 
interpositi, resulting in adjacent pressure 
atrophy with secondary dilatation of these 
spaces. 

Since pneumoencephalography 18 not al- 
ways performed in large teaching centers 
with a trained neuroradiologist available, 
we feel it necessary to stress the importance 
of the general radiologist properly evaluat- 
ing the "failed" pneumoencephalogram, 
particularly one in which the callosal sulci 
are outlined and dilated. In considering our 
material, itis quite obvious that the dilated 
callosal sulcus sign in a pneumoencephalo- 
graphic examination constitutes a strong 
warning to the radiologist that he may be 
dealing with an obstructing lesion in or 
near the mid-line and, generally, in the 
posterior fossa, and that additional studies, 
such as gas or positive contrast ventric- 
ulography, are indicated. 


SUMMARY AND CONCLUSIONS 


1. The roentgen findings in the dilated 
callosal sulcus sign during a "failed" lum- 
pu pneumoencephalogram are described. 

The literature dealing with this sub- 
Seer and the normal anatomv of the sulci of 
the corpus callosum, the cisterna veli inter- 
positi, the cisterna ambiens, and adjacent 
structures 15 reviewed. 

We have collected 22 new cases to add 
to M list. of EE reported cases 
presenting with the dilated callosal sulcus 
sign 

4. We have established 3 
findings, depending on the amount of ven- 
tricular filling, and have attempted to re- 
late the location of the lesion to each 
individual category. 

с. It is stressed that failure to outline 
the ventricular system during lumbar 
pneumoencephalography with filling of the 
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callosal sulci, cisterna veli interpositi, cis- 
terna ambiens and sulci over the cerebral 
cortex represents a constellation of roentgen 


findings highly suggestive of a lesion, 
usually in the posterior fossa and fre. 
quently in or near the mid-line. 


6. Such a group of roentgen findings, 
particularly with a narrowed cisterna pon- 
tis, practically demands positive contrast 
or air ventriculography to exclude such a 
lesion. 

The possible reasons for the dilated 
callosal sulcus sign are presented. 
Harold G. Jacobson, M.D. 


Department of Radiology 
Montefiore Hospital 


210th Street and Bainbridge Avenue 


New York 57, New York 
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OTOSCLEROSIS: A NEW CHALLENGE TO 
ROENTGENOLOGY* 


By GALDINO E. VALVASSORI, M.D. 


CHICAGO, ILLINOIS 


ACCORDING to a recent survey, over 
two million people in the United 
States are affected by deafness produced by 
otosclerosis. If one considers that otosclero- 
sis of the labyrinthine capsule is a common 
finding at autopsy, even in patients who did 
not complain of hearing trouble, and that 
otosclerosis has been found in 8 to 15 per 
cent of white adults, one can obtain a more 
realistic figure of the number of people 
affected by this disease. 

Otosclerosis 1s a primary focal disease of 
the labyrinthine capsule that may 1n some 
cases invade the oval window, causing 
fixation of the stapes, in other cases causing 
cochlear degeneration, or a combination." 

The term “otosclerosis” is actually im- 
proper and it was applied by von Tróltsch 
in 1881, who thought that the fixation of 
the stapes was produced by sclerosing 
changes in the tympanic mucosa from a 
chronic interstitial middle ear catarrh. 
Politzer, in 1893, recognized that the fixa- 
tion of the stapes was due to a primary 
disease of the labyrinthine capsule. Sieben- 
mann, in 1912, proposed the term of oto- 
spongiosis in view of the fact that the af- 
fected bone is actually less dense than the 
normal otic capsule. However, the term 
otosclerosis has become generally accepted 
and is now applied to all cases of primary 
disease of the labyrinthine capsule, with or 
without fixation of the stapes. 


ETIOLOGY 


The etiology of otosclerosis 1s not known. 
A family tendency due to some kind of 
hereditary factor has been observed. The 
frequent association of otosclerosis with 
osteogenesis imperfecta and the onset or 
the increase of hearing loss during preg- 
nancy, presumably due to an endocrine 


factor, constitute possible leads in the 
research of the obscure etiopathogenesis of 
this disease. The incidence of otosclerosis is 
at least twice as great in females as in 
males. The white race is affected much 
more frequently than the others. The age of 
onset of otosclerosis is usually about pu- 
berty. The disease slowly progresses to 
reach a stable condition characterized by a 
more or less severe hearing loss. 


PATHOLOGY 


In order to understand the pathology of 
otosclerosis, it is necessary to recall that the 
otic capsule has the unique characteristic of 
arresting its maturation in a stage of pri- 
mary ossification. The labyrinthine capsule 
retains for the entire life the enchondral 
bone’ which elsewhere is replaced by the 
mature haversian osseous tissue. Otosclero- 
sis occurs when this enchondral bone re- 
gains its activity so that foci of haversian 
bone tissue develop in the labyrinthine 
capsule. These foci may progressively en- 
large and extend to the endosteal and peri- 
osteal layers of the labyrinthine capsule, 
producing respectively encroachment upon 
the lumen of the labyrinth or exostoses-like | 
protrusions into the tympanic cavity. The ' 
foci vary from a loose and irregular network 
of bony trabeculae containing large vascu- 
lar lacunae, osteoblasts and osteoclasts toa 
relatively avascular and acellular, much 
denser type of mature bone. The sites of 
predilection of the otosclerotic foci in the 
labyrinthine capsule are the area just in 
front of the oval window (the fissula ante 
fenestram) and the borders of the round 
window. The capsule of the remainder of 
the cochlea, semicircular canals and inter- 
nal auditory canal may all be involved, 
although less frequently. In the majority of 
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the cases (80 per cent), both ears are in- 
volved and often the lesions are quite 
svmmetric. 

TREATMENT 


Surgery is, at the present time, the only 
treatment for patients with otosclerosis 
uncomplicated by cochlear involvement 
with sensory-neural loss. Surgical otology 
has made rapid advances since the intro- 
duction of the operating microscope. There 
are three basic tvpes of surgical procedures 
for otosclerosis: 

(1) Fenestration of the horizontal semi- 


circular canal is based on the principle of 


establishing a new sound pathway in place 
of the occluded oval window. This tvpe of 
procedure, which for тапу years was the 
treatment of choice, 1s now limited to a few 
cases in which the involvement of the oval 
window 1s very extensive. 

(2) Stapes mobilization, which tends to 
restore the normal sound pathwavs, has 
been largelv abandoned because of the 
frequent recurrence of the process with 
refixation of the footplate, presumably due 
to stimulation of the otosclerotic focus at 
the time of surgerv. 

(3) Stapedectomy, which mav be partial 
or total. Total stapedectomy is the proce- 
dure of choice todav. It consists of remov- 
ing the stapes and replacing it with a mo- 
bile prosthesis made of polyethylene tub- 
ing, wire or teflon and wire piston. The 
prosthesis is connected at one end to the 
long process of the incus and rests at the 
other end on the vein graft, fat, gelfoam or 
other material used to cover the oval win- 
dow. 

DIAGNOSIS 

The diagnosis of otosclerosis has been 
based until now on the clinical historv and 
on the audiometric tests. The tvpical his- 
tory is of progressive conductive hearing 
loss which began insidiously after puberty. 
The physical examination is usually nega- 
tive except in a few cases in whicha salmon 
or flamingo red tint of the promontory is 
observed (positive Schwartze’s sign), indi- 
cating a vascular active focus which has 
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reached the mucoperiosteum of the medial 
wall of the tympanic cavity. The audio- 
metric tests show a conductive hearing loss 
with a gap between the impaired air con- 
duction and the bone conduction which is 
normal in cases of pure stapes fixation and 
more or less depressed in cases of cochlear 
involvement. Of course, t the presence of a 
good gap between the air and bone conduc- 
tion is the fundamental requirement for a 
successful surgical procedure. 


ROENTGEZNOLOGY IN OTOSCLEROSIS 


A review cf the literature shows very few 
reports concerning the problem of otoscle- 
rosis. All the observations deal with diffuse 
byrne otosclerosis, none with oto- 
sclerosis limited to the oval window region. 
The paucity of reports probably is due to 
the impossibility of showing by conven- 
tional roentgenology the small changes 
which occur in otosclerosis. 

J. Beck, in 1915, described an abnormal 
radiolucency of the cochlea in patients with 
otosclerosis. Sir Harold Graham Hodgson 
reported a similar observation in 1928. 
However, he thought that "the radio- 
graphic ВЕ seen in the capsule appear 
to bear little or no relationship to the sever- 
itv or otherwise of the symptoms.” Guillen, 
using a unilateral transorbital projection, 
observed lack of sharpness in the region of 
the oval windcw, and thickening of the 
basilar turn of the cochlea or of the entire 
labyrinthine capsule in patients with ad- 
vanced otosclerosis. W. E. Compere,! in 
1960, noted the following findings in pe- 
trous pyramids of patients afHicted with 
diffuse otosclerosis: (1) local overgrowth of 
osseous tissue anywhere in the otic capsule; 
(2) apparent scle-osis of the entire labyrin- 
thine capsule, almost obscuring the laby- 
rinthine system; and (3) hvperostosis of the 
entire petrous pyramid. 

Laminagraphy, when performed with an 
apparatus which furnishes а sufficiently 
thin section, together with a satisfactory 
coefficient of distinctness, has opened to 
roentgenology a new and challenging field 
of investigation. 


568 


This report is based on the study of over 
200 patients with otosclerosis as proved by 
surgery. In all patients а preoperative 
examination was performed. In approxi- 
mately £o per cent of the patients, a post- 
operative examination was done; in only 10 
per cent of the patients a third follow-up 
study was performed. 


LAMINAGRAPHY OF THE NORMAL 
OVAL WINDOW AND ADJACENT 
LABYRINTHINE CAPSULE 


A brief review of the normal roentgeno- 
graphic appearance is necessary for the 
understanding of the pathologic findings. 

The medial or labyrinthine wall of the 
middle ear cavity forms an angle open pos- 
teriorly for approximately 15° to 25° with 
the sagittal plane of the skull. The oval or 
vestibular window follows the same angle 
with its larger axis pointing about 10^ up- 
ward anteriorly. It measures 3 to 4 mm. in 
its anteroposterior diameter and 1.5 to 2.0 
mm. in its vertical diameter. Two views аге 
used routinely for the demonstration of the 
oval window—frontal and semiaxial of the 
petrous pyramid. In the frontal view (Fig. 
t, 4 and B), which is obtained with the 
patient supine and the line from the tragus 
to the external canthus perpendicular to 
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the table top, the oval window forms a well- 
defined bony dehiscence in the inferolateral 
wall of the vestibule below the opening of 
the ampullar limb of the lateral semicircu- 
lar canal. The normal footplate of the 
stapes, which measures 0.2 to 0.4 mm. in 
thickness, does not cast any shadow be- 
cause of its obliquity to the roentgen-ray 
beam. Six sections are obtained in this 
projection, 1 mm. apart, and the oval win- 
dow should be clearly detectable in at least 
two adjacent sections. The semiaxial view 
is obtained by rotating the patient’s head 
20° toward the side under examination so 
that the medial wall of the tympanic cav- 
ity, including the oval window, becomes 
parallel to the direction of the roentgen-ray 
beam. In such a projection, the normal 
footplate casts a fine line extending across 
the oval window opening between the 
prominent borders of the oval window 
niche formed by the facial nerve canal 
superiorly and the promontory inferiorly 
(Fig. 2, 4 and B; and 3). Again 6 sections 
are obtained, I mm. apart, and the oval 
window is usually visible in 3 adjacent 
sections. 

The round or cochlear window corre- 
sponds to the posterior end of the scala 
tympani and it is located at the bottom of a 
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Fic. т. (4) Frontal laminagram and (В) tracing of a normal right ear at 5 mm. posterior to the anterior wall 
of the external auditory canal. СЕ = crista falciformis; EAC = external auditory canal; ЕМС = facial nerve 
canal; I- incus; IAC = internal auditory canal; LSC = lateral semicircular canal; OW — oval. window; 


SSC = superior semicircular canal; V = vestibule. 
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Fic. 2. (4) Semiaxial laminagram and (B) tracing of a normal right ear at the level of the oval window. 
C=cochlea; FNC = facial nerve canal; I = іпсиѕ; OW —oval window; V = vestibule. 


depression which is found in the inferior 
and posterior aspect of the promontory. 
The round window faces posteriorly, out- 
ward and slightly downward. The best view 
for its demonstration is the Stenvers' pro- 
jection (Fig. 4, 4 and 8). In the lateral 
view the niche leading to the round window 
is well seen. In the frontal sections the 
round window appears as a radiolucent 





Fic. 3. Histologic section of a normal left petrous 
pyramid obtained in the same plane and at the 
same level as the laminagram shown in Figure 24. 
Notice that the appearance of the oval window 
niche with the footplate of the stapes (S), facial 
nerve canal (FN) and promontory (P) is identical 
with that seen in the laminagram. 


area superimposed upon the basilar turn of 
the cochlea, below and slightly medial to 
the posterior part of the oval window. 
sections taken 1.0 and 2.0 mm. posterior 
show the round window niche which points 
upwarc and slightly medially from a well- 
defined gap in the outline of the origin of 
the bas:lar turn of the cochlea. 

The normal labyrinthine capsule appears 
as a sharply defined and homogeneouslv 
dense shell outlining the inner ear struc- 
tures. The density of the capsule enhances 
the clezrness of the lumen of the enclosed 
cavities, so that the entire svstem should 
always be perfectly recognizable (Fig. 10). 


OTOSCLEROSIS OF THE OVAL WINDOW 


This is unquestionably the most common 
site of involvement. The roentgenographic 
appearance depends upon the type and 
extent of the process. The type of involve- 
ment depends upon the maturation of the 
otosclerotic focus. In mature otosclerosis 
one sees in the frontal sections obliteration 
of the oval window by a bony plate of vari- 
able thickness produced by the involved 
footplate of the stapes (Fig. 5 and 6). In the 
semiaxial views one sees the thickened 
footplate of the stapes (Fig. 7). In active 
otosclerosis or otospongiosis, the usually 
clear lips of the oval window become un- 
sharp to completely cancelled so that one 
gets the superficial impression that the 
window is larger than normal (Fig. 8, 7 and 
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Fic. 4. (4) Laminagram and (B) tracing in Stenvers’ projection at the level of the round window. С = cochlea; 
RW = round window; FNC = facial nerve canal; PSC = posterior semicircular canal. 


В). However, a more accurate study of the less prominent bony structure in the oval 
region reveals almost invariably the pres- window which does not reach at any level 
ence of a density slightly more opaque than the margin of the window (Fig. 7). Com- 
soft tissues containing fine, irregularly plete otosclerosis, a uniform involvement of 
scattered calcifications. the entire footplate, appears as a bony 

The involvement of the oval window is plate completely obliterating the oval 
variable in extent. Marginal otosclerosis, window (Fig. 6). Otosclerosis with involve- 
involving the periphery of the footplate and ment of the oval window niche, as well as of 
the annular ligament, produces narrowing — the footplate of the stapes, is well recogniz- 
of the oval window (Fig. 5). Central oto- able in the semiaxial projections where the 
sclerosis, a focus involving only the foot- niche appears from partially to totally 
plate of the stapes, appears as a more or  filled-in (Fig. 9). Otosclerosis causing thick- 





Fic. 5. Extent of involvement of the footplate of Fic. 6. Extent of involvement of the footplate of the 
the stapes. Frontal view. Marginal involvement. stapes. Frontal view. Complete involvement. 
Notice the entire stapes. ЕР = footplate; У = vestibule. 
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liG. 7. Extent of involvement of the footplate of the 
stapes. Semiaxial view. Central involvement. 
FNC = facial nerve canal; FP = footplate. 


ening of the footplate heaped up on the 
inner side produces a marginal obliteration 
of the vestibule. 


OTOSCLEROSIS OF THE LABYRINTHINE 
CAPSULE OTHER THAN THE OVAL 
WINDOW REGION 


The involvement of the labyrinthine 
capsule may or may not be associated with 
the involvement of the oval window. The 
extent of involvement of the labyrinthine 
capsule is variable. The sites of involve- 
ment demonstrated roentgenographically 
are, 1n order of frequency, the basilar turn 
of the cochlea, the remainder of the cochlea, 
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Fic. 9. Extent of involvement of the footplate of 
the stapes. Semiaxial view. Obliteration of the 
entire oval window niche. 


the semicircular canals and the internal 
auditory canal. Our findings are compa- 
rable with the histologic study of Nylén,’ 
who found in a series of 121 petrous pyra- 
mids the following percentage of location: 
oval window, go per cent (50 per cent of 
which showed stapes fixation); round win- 
dow, 40 per cent; cochlear capsule, 35 per 
cent; internal auditory canal, 30 per cent; 
semicircular canal, 15 per cent; and diffuse, 
IO per cent. 

The roentgenographic findings depend 
upon the severity of the involvement, 


l'1c. 8. (4 and B) Otospongiotic involvement. Notice the demineralization of the promontory adjacent to the 
oval window producing the false impression of enlargement of the oval window. AOF — active otospongiotic 
focus; C = cochlea; [AC = internal auditory canal; OS —ossicles; P = promontory; V = vestibule. 





liG. то. Normal labyrinthine capsule. Notice the 
sharpness of the capsule and of the lumen of the 
basilar turn of the cochlea. 


which is not always proportional to the 
functional impairment. We have observed 
roentgenographic findings which might 
represent different features of the same 
process as it progresses. Some cases show 
irregularities in the normally smooth and 
homogeneous line of density cast by the 
labyrinthine capsule with areas of thicken- 
ing alternated with others of thinning (Fig. 
Io and 11). Small toci of sclerosis may be 
mixed with the more radiolucent areas (Fig. 
12). The roentgenographic appearance 15 
very similar to the changes seen in the skull 
in Paget's disease. The most extensive tvpe 
of involvement is characterized bv a com- 
plete loss in the contrast between the cap- 
sule and the lumina ot the inner ear struc- 
tures (Fig. 13). These findings are the result 
of the combination of changes clearly de- 
scribed by Nvlén on histologic sections, 





l'iG. 1 1. Otosclerosis of the labyrinthine capsule. 
Areas of thinning are noticed in the capsule of the 
promontory. 
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lic. 12. Otosclerosis of the labyrinthine capsule. 
Same changes as in Figure 11 with the addition of 
small foci of sclerosis throughout the basilar turn 
of the cochlea. 


consisting in demineralization of the cap- 
sule and obliteration of the lumina of the 
cochlea, vestibule and semicircular canals 
bv otosclerotic foci. 


DISCUSSION 


The importance of the roentgenographic 
studv in otosclerosis is summarized in the 
tollowing points: 

г. As a Diagnostic Test in Questionable 
Cases. Usually, the diagnosis of otosclerosis 
is made on the basis of the clinical history 
and audiometric test. Occasionally, the 
diagnosis of a patient with conductive hear- 
ing loss remains uncertain. This 15 espe- 





lic. 13. Otosclerosis of the labyrinthine capsule 
Complete loss in the contrast between the capsule 
and the lumen of the basilar turn of the cochlea. 


, Хо. 3 Otosclerosis 


Ju 
А 
-—— 





Fic. 14. (4) Frontal section shows complete obliteration of the oval window by a very thick footplate of the 
stapes. (8) Same patient after stapedectomy and insertion of a polyethylene strut with vein graft: the oval 


window appears fully open. 


cially true when the picture is complicated 
bv the superimposition of chronic or old 
inflammatory processes which might have 
produced the same audiometric findings 
through other means of involvement. In 
cases of sensory neural loss of unknown 
origin, the roentgenographic examination 
may establish the diagnosis of labyrinthine 
otosclerosis. 

2. Evaluation of the Type, Degree and 
Extension of the Process. This information 
cannot be obtained bv audiometrv, the 
findings of which are not in direct relation- 
ship to the severitv of the process. The 
presence of an*otospongiotic process, the 


extension to the labvrinthine capsule and 
the obliteration of the oval window niche 
are considered by most of the otosurgeons 
as contraindication to a surgical procedure. 
The risk of damaging the membranous 
labvrinth with a resulting worsening of the 
hearing and the incidence of recurrence of 
the process in a verv short time after sur- 
gery are very high in these instances. 

3. Selection of Side for Corrective Surgery. 
Since the involvement by otosclerosis 1s 
bilateral in 80 per cent of the cases and 
since the surgical risk of permanent damage 
is approximately I to 2 per cent, the side 
selected for corrective surgery has been so 





FIG. 15. 


(4) Frontal section shows almost complete obliteration of the oval window by a thick footplate of 


the stapes. (B) Same case after stapedectomy and insertion of a tantalum prosthesis with fat graft shows 
the oval window reopened and the metallic strut in good position. MS = metallic strut; OW =oval window; 
V = vestibule. 





116. 16. Same case as in Figure 8, 4 and В shows 
recurrence of the otosclerotic process underneath 
the vestibular end of the metallic prosthesis < 
months after surgery. I=incus; М5= тега с 
strut; OW —oval window; V — vestibule. 


far the poorest as demonstrated by audio- 
metric tests. [n cases with an even hearing 
loss, the side for surgery is chosen by the 
patient or by the surgeon without anv 
specific indication. We have proved in 
several cases that these rules should be 
completely revised by the introduction of a 
test which allows for the first time a pre- 
operative visualization of the involved 
area. In cases of equal deafness, the selec- 
tion of the side for surgery should be based 
on the objective findings of the roentgeno- 
graphic study which might show a signifi- 
cant difference in the involvement between 
the two sides. In some cases of uneven 
involvement, the roentgenographic study 
may show the contraindication of operating 
on the worst side and may indicate opera- 
tion, in spite of the surgical risk, on the 
better side which offers good probability of 
a successful result. 

4. Demonstration of Possible Abnormali- 
ties of the Adjacent Structures. The facial 
nerve canal sometimes overhangs upon or 
covers part of the oval window, especiallv 
Its superior and anterior segments. With 
this knowledge, the surgeon might elect to 
perform a partial rather than a complete 
stapedectomy 1n order to avoid damaging 
the facial nerve. 
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5. Evaluation of the Postsurgical Status 
(Fig. 14, 4 and B; and 15, 4 and 8). 
Roentgenography is of value to the otolo- 
gist in the evaluation of patients who show 
deterioration of hearing after a transitory 
improvement following surgery. There are 
two common reasons for such a relapse. The 
applied prosthesis might slip out of position 
at one or both ends with consequent dis- 
continuity of the restored sound pathway. 
If a metallic prosthesis has been used, this 
can be demonstrated by the roentgeno- 
graphic examination. The otosclerotic proc- 
ess can recur with closure of the oval win- 
dow either underneath the vestibular tip of 
the prosthesis (Fig. 16) or around it with 
consequent fixation. We recommend an 
examination of the operated ear a few 
weeks after surgery. This examination 
serves as a baseline for future examinations 
in the event of deteriorating hearing and 
permits recognition of even minimal 
changes. 

6. In the event of the discovery of a 
successful nonsurgical treatment for laby- 
rinthine otosclerosis, the roentgenographic 
demonstration will become of utmost im- 
portance, since there is no other way of 
visualizing the labyrinthine capsule in 
living patients. 

Department of Radiology 
The University of Chicago 
950 East soth Street 
Chicago, Illinois 60637 
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John Lindsay and to the other members of the 
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THE CINEROENTGENOGRAPHIC OBSERVATION 
OF PANTOPAQUE INTRAVASATION 
DURING MYELOGRAPHY* 


By BERNARD S. EPSTEIN, M.D., and JOSEPH A. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


p inadvertent instillation of panto- 
paque into the spinal venous circula- 
tion is predicated upon the intrusion of the 
bevel of the lumbar puncture needle into an 
epidural vein or into the intramedullary 
basivertebral system (Fig. 1). A review of 
the literature discloses but 6 reported in- 
stances of this occurrence. The observation 
of the actual entrance of pantopaque into 
the dorsal venous plexus of the lower lum- 
bar spine during myelography by means of 
image intensification fluoroscopy and the 
spot film and cineroentgenographic record- 
ing of this phenomenon adds interest to the 
present case. 


REPORT OF À CASE 


P.B., a 49 year old man, complained of in- 
creasing difficulty in picking up objects with his 
right hand for about 2 months. This was associ- 
ated with numbness and tingling of his forearm 
and hand. While first occurring during effort, 
similar disturbances appeared later at rest to- 
gether with transient mild neck and interscapu- 
lar pain. About 1 month before admission, simi- 
lar sensations appeared in his left hand. The 
patient also had noted progressively diminished 
sexual capacity for about 4 years. He had had 
poliomyelitis at the age of 15 months which left 
him with a short and weakened right lower ex- 
tremity. 

Physical examination disclosed marked weak- 
ness and atrophy of the right shoulder girdle 
and proximal flexor muscles. Some fasciculation 
was present in his left shoulder and right arm. 
No pathologic reflexes were elicited. The deep 
tendon reflexes and the abdominal and cre- 
masteric reflexes were intact. 

Roentgenographic examination of his chest, 
thoracic and lumbosacral spine was normal. 
Diffuse spondylosis of the cervical vertebrae 
was present, characterized by marked narrow- 


ing of the interspaces between the fourth, fifth, 
sixth and seventh cervical vertebrae, dorsal 
spurring and narrowed intervertebral foramina 
encroached upon by osteophytic overgrowths. 
The anteroposterior diameter of the cervical 
canal at the level of the fifth, sixth and seventh 
mnterspaces was I.2 cm. This was regarded 
as significant narrowing. Myelography was sug- 
gested. 

The clinical diagnosis was amyotrophic 
lateral sclerosis. It was agreed that myelograph- 
Ic examination was indicated to rule out a 
cervical ridge syndrome or a spinal cord tumor. 

A lumbar puncture revealed clear colorless 
cerebrospinal fluid. It was not possible to obtain 
manometric readings. The total protein content 
was 30 mg. per cent, chloride content 126 
mEq./l. and glucose 86 mg. per cent. The 
study was followed by an intense headache 
which subsided in about a week. 

Myelography was then performed. A lumbar 
puncture needle was introduced into the fifth 
lumbar interspace with the patient in the sitting 
position. A free flow of clear cerebrospinal fluid 
was obtained. As part of a study of the cine- 
roentgenographic aspects of myelography, the 
examination was begun after the patient was 
placed face down on the fluoroscopic table. The 
spinal needle was connected to a syringe con- 
taining I2 cc. of pantopaque by way of a two” 
way stopcock and a sterile venotube filled with 
pantopaque. The injection was instituted with 
gentle finger pressure after the cineroentgeno- 
graphic recording was started, the process being 
monitored by image intensification. The first 
droplet injected was seen to gather around the 
needle tip (Fig. 2). Instead of entering the sub- 
arachnoid space, the pantopaque assumed a 
rapidly changing but clearly defined pattern 
conforming to the intraspinal epidural venous 
system. The cineroentgenographic recording of 
the procedure was continued as about 1.5 cc. of 
pantopaque was injected. The venous channels 
to the right and left of the needle tip were opaci- 


* From the Department of Radiology and the Division of Neurological Surgery, Department of Surgery, The Long Island Jewish 
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Pantopaque Intravasation During Myelography 
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lic. 1. Diagrammatic representation of bevel of lumbar puncture needle transfixing the subarachnoid space 
and an epidural vein. The arrows indicate the flow of blood into the subarachnoid space. 


fied. Some of the pantopaque passed caudally as 
well as cephalad. The pantopaque entering the 
vessels to the left of the spinal canal then swung 
sharply to the right to enter the inferior vena 
cava together with that from the more axial 
veins and those to the right of the midline. Two 
spot roentgenograms were obtained. The pant- 
opaque did not progress cephalad for more than 
one and a half vertebral segments before it 
emerged from within the canal and entered the 
inferior vena cava to the right of the vertebral 
column. Within about 5 seconds the veins were 
empty, the pantopaque having passed in dis- 
crete round and elongated oval globules to the 
level of the diaphragm where they could no 
longer be followed. The patient noted nothing 
unusual either during or after the procedure 
(Fig. 5, 4 and B). 

The needle was removed, and with the pa- 
tient sitting it was reinserted into the third 
lumbar interspace. A free flow of clear cerebro- 
spinal fluid was obtained and the patient again 
was placed face down on the fluoroscopic table. 
The instillation of pantopaque was instituted 
using the same method of injection under image 
intensification fluoroscopic control, and 12 cc. 
readily entered the subarachnoid space. No 
deformities were seen in the lumbar canal. The 
passage through the lumbar and thoracic spinal 
canal was rapid. A partial block was seen at the 
level of the interspace between the seventh 
cervical and first thoracic vertebra. The pant- 
opaque then entered narrow lateral channels 
embracing a widened and flattened spinal cord 
at the level of the fifth, sixth and seventh cervi- 
cal vertebrae. After the examination was com- 





Fic. 2. Two frames from the 16 mm. cineroentgeno- 
graphic record of the intravasation of pantopaque 
into the corsal epidural plexus. A droplet of panto- 
paque is seen at the needle tip, situated at the 
lumbosacral interspace. The flow follows the 
venous pattern. Several droplets to the right of the 
spinal canal are in the inferior vena cava. 


pleted, most of the pantopaque was removed by 
siphonage (Fig. 3C).? A fleck persisted in the 
dorsal epidural space at the lumbosacral level, 
and some also remained between the thickened 
nerve roots of the cauda equina. 

One hour after myelography roentgenographic 
examination of the chest was normal. Another 
chest roentgenogram the next day was unre- 
markable. The patient had no discomfort or 
distress after the examination. Surgical removal 
of the osteophytes by the anterior approach 
and anterior cervical spine fusion was performed 


by Dr. I. M. Greenberg. 


Bernard S. Epstein and Joseph A. Epstein 
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Vic. 3. (4) Spot roentgenogram as about с.5 
cc. of pantopaque was injected into an epi- 
dural vein. The contrast material is still 
within the spinal canal, and has flown cepha- 
lad for about two segments and caudad for 
about one. (8) Another spot roentgenogram 
made about 2 seconds later. The pantopaque 
in the veins to the left and below the needle 
tip was observed to swing sharply to the 
right and to enter the inferior vena cava. The 
pattern was far more dramatically seen on 
the cineroentgenographic run. (C) After 
siphon removal, a blob of pantopaque re- 
mains in the epidural space at the site of the 
needle puncture at the lumbosacral inter- 
space. 


COMMENT 

Intravasation of pantopaque during 
myelography occurs by way of the dorsal or 
ventral peridural veins or the intramedul- 
lary venous circulation. Inspection of the 
vascular supply of the cauda equina in fresh 
specimens indicates that these structures 
are quite delicate and thin. The arteries 
follow along the lateral axis of the nerve 
roots and are easily identified. The veins 
are more difficult to demonstrate. It 1s most 
unlikely that either of these channels can be 
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pierced or entered by a lumbar puncture 
needle. Our impression is that bloody cere- 
brospinal fluid indicates the penetration of 
an epidural vein, blood entering the sub- 
arachnoid space through the needle tract in 
larger or smaller quantities. If the tip of the 
needle transfixes the subarachnoid space so 
that the bevel is situated both in a vein and 
in the space, a bloody issue of cerebrospinal 
fuid may be anticipated. This should warn 
one to discontinue the procedure and rein- 
sert the needle at a higher or lower level. In 
the present case, the needle tip apparently 
moved while the patient was being posi- 
tioned. Image intensification fluoroscopic 
control of the injection can be credited for 
the timely discontinuance of the procedure. 
It is of interest that in the 7 reported 
cases, including the present one, c clear cere- 
buc fluid was obtained in gor n 
clear cerebrospinal fluid was first obtained, 
but a bloody tap was encountered when the 


needle was reinserted for the removal of 


pantopaque. Intravasation into the basi- 
vertebral svstem was reported by Ginsburg 
and Skorneck* and into the anterior peri- 
dural plexus by Todd and Gardner.? The 
latter mentioned that they had obtained 
clear cerebrospinal fluid at first, but that 
intravasation occurred when the needle tip 
was displaced anteriorly later in the exami- 
nation. 


The danger inherent in intravasation 


into the vertebral venous svstem is that of 


pulmonary embolism. In 4 instancest® "S 
cough, chest pressure, weakness and fever 
were observed. No fatalities have been 
reported. Steinbach and Hill’ mentioned 
that from 4 to 7.5 cc. of pantopaque must 
enter the venous circulation to produce 


symptoms. Roentgenographic evidence of 


pulmonarv pantopaque embolism includes 
transient linear streaks, finely granular and 
small nodular infiltrates which disappear. 
It is of interest that considering the absence 
of valves in the epidural and perivertebral 
veins no central nervous svstem changes 
have been encountered. Perhaps this can be 
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explained by the rapid flow towards the 
inferior vena cava rather than continuously 
cephalad, as observed in the present pa- 
tient. Todd and Gardner? noted that in 
their patient the chest roentgenogram was 
negative, but that skull studies disclosed 
numerous linear streaks suggestive of an 
intracranial venous distribution of contrast 
medium. In view of the fact that their 
patient had had a thorotrast mvelogram 14 
years before pantopaque myelography, it is 
more likely that the changes noted тау 
have been incident to the first mvelogram.! 


SUMMARY 


Intravasation of pantopaque into the 
epidural venous circulation was noted when 
myelography was performed. Cineroent- 
genographic recording and spot roentgeno- 
grams were obtained and the flow of the 
pantopaque was also observed by means of 
image intensification fluoroscopy. 

Bernard S. Epstein, M.D. 
The Long Island Jewish Hospital! 


270-05 76th Avenue 
New Hyde Park, Long Island, New York 
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HEMANGIOMA OF THE MEDIASTINUM* 
REPORT OF A CASE WITH COMPRESSION OF THE SPINAL CORD 


By HERBERT TOCH; М.р, | JACK W. C. HAGSTROM, M.D., and ISRAEL STEINBERG, M.D.1 


à 


NEW YORK, NEW YORK 


RIMARY hemangiomas of the medias- 

tinum are rare. Indeed, Ellis and his 
colleagues,’ in 1945, after reporting a case 
and reviewing the literature, found only 18 
additional cases. To date, about 70 cases of 
mediastinal hemangiomas have been re- 
corded.'?:* 77? The case herein reported is 
unusual because of the presence of second- 
ary osteolysis of the spine which caused 
compression of the thoracic spinal cord and 
paralysis of the legs. Laminectomy, pre- 
ceded by irradiation of the tumor, was 
curative; the patient died of an unrelated 
cerebrovascular accident 7 years later. 


REPORT OF A CASE 


А 55 year old Caucasian butcher (N.Y.H. 
No. 730500) was admitted on January 30, 1956 


i. it 


"m, 





complaining of numbness of the toes, burning of 
the soles of the feet, intermittent claudication of 
the lower extremities, and a band-like constrict- 
ing sensation of the knees and feet of 3 months' 
duration. Six weeks earlier, a routine roentgeno- 
gram of the chest showed a tumor. For the 20 
days prior to admission he received a series of 
daily roentgen treatments to the tumor (dosage 
unknown) without relief of symptoms. Physical 
examination of the heart and lungs was normal; 
the blood pressure was 130/80 mm. Hg. The 
gait was spastic, a band-like sensory defect 
from T8-T 10 and weakness of the lower extrem- 
ities were found. The deep tendon reflexes were 
markedly accentuated, there was ankle clonus 
bilaterally, and the superficial abdominal re- 
flexes were absent. The lower extremity pulses 
were palpable except for absence of the left 
dorsalis pedis and posterior tibial artery pulses. 

Roentgenograms of the chest showed a lobu- 





Fic. т. (4) Frontal teleroentgenogram of the chest showing the rounded superior mediastinal tumor. (B) 
Lateral roentgenogram of the chest showing the posterior superior mediastinal location of the tumor. 


* From the Departments of Radiology, Medicine, and Pathology, The New York Hospital-Cornell Medical Center, New York, New 
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lar posterior superior mediastinal mass (Fig. 1, 
°A and B). Roentgenograms of the thoracic spine 
demonstrated irregular areas of sclerosis with 
radiolucency of the body of the fourth thoracic 


vertebra. Angiocardiograms, in frontal and 
lateral views, did not show involvement of the 
cardiovascular structures (Fig. 2, 4, B and C). 
Because of extrinsic pressure on the spinal cord, 
a decompression laminectomy of the third, 
fourth and fifth thoracic vertebrae was per- 
formed on February 2, 
extradural tumor tissue was found lying in the 
recess beneath the right fourth thoracic lamina. 
This was removed after ample decompression. 
Histologic examination of the resected speci- 
men showed the tumor to be composed of a 
multitude of closely crowded endothelium- 
lined spaces which varied in size and contained 
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1956. A thin cuff of 


Fic. 2. (4) Normal frontal angiocardiogram 
revealing an intact superior vena cava, right 
atrium, ventricle, pulmonary artery, and 
branches. (8) Frontal angiocardiogram also 
showing nonopacification of the mediastinal 
tumor at the time of left ventricular and 
aortic filling. (C) Lateral angiocardiogram 
likewise does not show contrast medium in 
the mediastinal tumor at the time of aortic 
орасіпсабоп. 


blood (Fig. 3). These were admixed with frag 
ments of bone and loose stromal tissue. 

Postoperatively, the patient improved rapidly 
and was discharged on the twentieth day fol- 
lowing operation. When seen, on February 1, 
1960, he was well and working daily. In June, 
1963, he sustained a cerebrovascular accident, 
developed hemiplegia, became bedridden, and 
died on November 24, 1963. An autopsy was 
not performed. 


DISCUSSION 

The criteria for diagnosis of a heman- 
gioma of the mediastinum are: a benign 
neoplasm that is limited to the mediasti- 
num, composed of numerous endothelium- 
lined vascular channels of varying size, and 
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encapsulated ог locally invasive, but with- 
out evidence of metastasis. Although a 
biopsy of the main tumor mass was not 
obtained from the patient described above, 
the portion of the tumor which was re- 
moved from the vertebral canal showed it 
to be a capillary hemangioma with second- 
ary osteolysis (Fig. 3). 

The roentgenographic findings 1n 2 other 
patients with mediastinal tumors studied at 
this center resembled those in this case. 
Histologic study, however, showed them to 
be mesenchymomas of the mediastinum.? 
In the case of mediastinal hemangioma 
described above and in those reported in 
the literature," the conventional roent- 
genograms revealed distinctly rounded 
borders of the mediastinal mass (Fig. 1, 4 
and 5). The lateral view was essential to 
clearly delineate the location of the tumor 
in the mediastinum; 7.e., whether 1t is in the 
anterior, middle or posterior plane. Appar- 
ently, only 25 per cent are in the posterior 
mediastinum.’ Angiocardiography, in our 
case, as well as those reported in the litera- 
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ture, was of no value in making the diagno- 
sis. Despite the vascular nature of the 
tumor, radiopacity of the mass was not 
seen. This is probably because the connec- 
tions between the tumor and afferent ves- 
sels have a narrow lumen. Also, the vessels 
in the tumor are small and have a tendency 
to thrombose and calcify. These factors 
thwart opacification. Angiocardiography, 
however, even though it fails to establish 
the diagnosis of mediastinal hemangioma, 
is valuable because it differentiates vascu- 
lar masses such as aneurysms, buckled 
veins or arteries, and other vascular anoma- 
lies from tumors in the mediastinum.!! 

In the literature, doubt is expressed that 
radiation therapy is of value for treatment 
of mediastinal hemangiomas.’ Surgical ex- 
ploration and biopsy are advocated in every 
patient with a mediastinal tumor to verify 
the diagnosis. If the tumor proves to be a 
hemangioma and 1s invasive and not com- 
pletely resectable, radiation therapy 15 
indicated. 

The patient reported above enjoyed good 


Photomicrograph of resected epidural capillary hemangioma showing multiple blood-filled, endo- 


thelium-lined, vascular channels (hematoxylin and eosin, X230). 
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health for a period of 7 vears after laminec- 
tomy and irradiation of the mediastinal 
hemangioma. Re-examination of the histo- 
logic sections from the patient reported as 
having a mediastinal hemangioma by 
Keegan’ showed a mediastinal mesenchy- 
moma with a prominent vascular compo- 
nent.’ She, too, is well 14 vears following 
irradiation of the tumor? 


SUMMARY AND CONCLUSIONS 


А 55 vear old man with paralysis of both 
lower extremities was improved after irradi- 
ation of a posterior mediastinal mass and 
decompression laminectomy, which allevi- 
ated spinal cord compression and second- 
ary hemiplegia. Following this, the patient 
made an uneventful recovery; death 7 years 
later was due to an unrelated cerebrovascu- 
lar accident. Histologic examination of the 
biopsied portion of the tumor showed it to 
be an invasive capillary hemangioma with 
secondarv osteolvsis of the fourth thoracic 
vertebra. 


Israel Steinberg, M.D. 

The New York Hospital —Cornell Medical Center 
£25 East 68th Street 

New York, New York 10021 
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FRACTURE OF PARS INTERARTICULARIS 
OF LUMBAR VERTEBRA* 


By ABRAHAM MELAMED, M.D. 


MILWAUKEE, WISCONSIN 





Fic. т. (4-0) Plain roentgenograms and oblique laminagrams obtained in 1958 
show fracture lines in both isthmi of L4 vertebra. 


* * From the Department of Radiology, Evangelical Deaconess Hospital, Milwaukee, Wisconsin, 
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Fic. 2. (4 and В) Oblique roentgenograms obtained in 1964 show complete 
healing of bilateral pars interarticularis fractures. 


НЕКЕ аге few proved or recorded 

cases of spondvlolvsis due to fracture 
sustained after severe trauma and which 
eventually healed. The purpose of this 
paper is to record a case of bilateral frac- 
tures of the partes interarticulares of the 
fourth lumbar vertebra, in which complete 
healing was demonstrated 5 years later. 


REPORT OF A CASE 


J. H., a 15 year old male, entered Evangelical 
Deaconess Hospital (service of Dr. T. F. Gar- 
land) after two football injuries of the lower 
"back in 1958. Such injuries were sustained 14 
and 2 days before admission to the hospital. 
When he arose from a "pile-up" of football 
players 2 days before admission, he experienced 
sharp pain in the lower back region. The back 
pain resulting from the first football injury was 
definitely aggravated. The pain was increased 
by side to side and forward and backward bend- 
ing. Physical examination showed no abnormal- 
ity except pain in the lower back on moving in 
bed. АП reflexes were physiologic. Хо de- 
formity of the back was visible. Roentgeno- 
grams of the spine, obtained October 18, 1958, 
revealed bilateral pars interarticularis defects 
in the fourth lumbar vertebra without dis- 
placement. Oblique views showed jagged frac- 
ture lines in both isthmi of the fourth lumbar 
vertebra (Fig. т, 4-D). 


After a few days’ bed rest in the hospital and 
being fitted with a back brace, the patient was 
discharged. He wore the brace for 6 months 
and never experienced any discomfort or pain 
after discontinuing the use of the brace. 

Roentgenograms obtained on February то, 
1964 (Fig. 2. A and B) showed no defects in the 
interarticular portions of the fourth lumbar 
vertebra. Healing of the fractures sustained in 
195% was complete with dense calcification. 


COMMENT 


Roche,” in 1948, was probably the first to 
document the healing of a fracture of the 
pars interarticularis of a lumbar vertebra. 
Wiltse,* in 1957, described т case of fracture 
through the pars interarticularis which 
healed solidly. Sullivan and Bickell,* in 
1960, reported 3 patients with disruption of 
the pars interarticularis due to severe 
trauma which healed with immobilization. 
The disruption in their cases occurred in 
the lumbar vertebrae immediately above 
spinal fusions. In 1962, Wiltse? described a 
patient in whom eventual healing of 2 of 3 
fractured partes interarticulares was ob- 
served. Lambert and Billings’! case of trau- 
matic spondylolisthesis with eventual heal- 
ing was mentioned by Wiltse.° 
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Although there may be some controversy 
or disagreement concerning the etiology of 
the average or “typical” case of spondylo- 
lysis and spondylolisthesis, the evidence 
cited above is proof of the fact that some 
cases of spondylolysis are due to true frac- 
tures of the pars interarticularis and that 
healing of such fractures can and does 
occur much in the same fashion as in frac- 
tures occurring elsewhere. 


620 North 19 Street 
Milwaukee, Wisconsin 53233 
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INTRATHORACIC RIB* 


By AARON S. WEINSTEIN, M.D., 


po rib is evidently an 
extremely rare anomaly, only g cases 
having been reported previously. Its sig- 
nificance lies in recognizing it as an innocu- 
ous thoracic shadow on the chest roent- 
genogram, one not to be mistaken for other 
more serious lesions. 

This report was prompted by a 23 year 
old white man, who came to the Cincinnati 
Veterans Hospital for an evaluation of a 
pilonidal сузе and with the recent com- 
plaint of a cough. Physical examination 
revealed the pilonidal cyst but was other- 
wise negative. А posteroanterior chest 
roentgenogram showed an interesting rib- 
bon-like shadow extending from the right 
border of the spine inferiorly and laterally 
to the medial right hemidiaphragm (Fig. 
1). Fluoroscopy revealed that it lay intra- 
thoracicallv, close to the posterior thoracic 
wall. Laminagraphy demonstrated that the 
abnormal shadow had a bonv cortex and 
articulated with the spine (Fig. 2, Æ and В). 


REVIEW OF THE LITERATURE 
Despite the frequency of rib anomalies— 
I per cent of the normal population'—1n- 
trathoracic rib is extremely uncommon. 
The first description was by Lutz, in 
1947. He reported a 25 year old woman who 
complained of a poorly defined pain in her 
left side. The chest roentgenogram revealed 
a peculiar “forking” of the right fourth rib. 
One branch ended blindly, while the other, 
an inferior branch, connected to the dia- 
phragm by a band of soft tissue density. 
There were no other congenital anomalies. 


Additional surgical and pathologic proof 


was not mentioned. 
Jacobs! reported the first autopsy proven 
case in 1949 in a 43 year old man with far 
advanced pulmonary tuberculosis. The 
anomalous rib originated from the right 
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lic. 1. Routine chest roentgenogram showing a 
ribbor-like shadow on the right extending from 
the mid-dorsal spine to the right hemidiaphragm. 


third thoracic vertebral body and coursed 
laterally and inferiorly, external to the 
pleura, ending at the eighth rib postero- 
laterally. The spinal articulation of the 
normal right third rib was independent of 
that of the anomalous rib. 

In 1953, Marbut and DeGinder? re- 
ported a 20 year old woman on whom the 
diagnosis was made roentgenologically. 


The patient described severe stabbing pain 


in her right scapula, provoked by exertion 
and prolonged sitting. She had suffered an 
injury to her thoracic spine in childhood 
and subsequently developed intermittent 
episodes of right chest wall pain which she 
attributed to the accident. The super- 
numerary rib articulated with the right 
anterior margins of the sixth and seventh 
thoracic vertebral bodies at the interspace 


, Cincinnati Veterans Administration Hospital, and the University of Cincinnati College of 
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and apparently its distal end protruded 
into lung tissue. The authors theorized that 
friction between two layers of pleura sur- 
rounding the rib accounted for her pain. 
She was lost to follow-up. 

Stevenson and Merendino,’ in 1956, de- 
scribed a 17 vear old girl with two right- 
sided intrathoracic ribs proven at thor- 
acotomy. They arose from the right sixth 
and seventh vertebral bodies and coursed 
posteriorly, laterally and inferiorly. They 
were covered by parietal pleura and had 
distal fibrous attachments to the right 


hemidiaphragm, causing massive tenting of 


its surtace. No mention was made of these 
ribs penetrating the lung; however, it ap- 
peared that they projected into the pleural 
space while maintaining a pleural covering 
of their own. 

In 1957, Plum e a/.! described a 9 vear 





Aaron S. Weinstein and Charles F. Mueller 


Jury, 1965 


old asymptomatic girl who, on a routine 
chest roentgenogram, was suspected of hav- 
ing a mediastinal lesion. Surgical explora- 
tion revealed a supernumerary rib arising 
from the right sixth vertebral margin an- 
terior to the normally articulating right 
sixth rib. 

Also in 1957, Wilk and Hiülshotf? re- 
ported an intrathoracic rib in an asympto- 
matic 12 vear old bov. This was the first 
left-sided anomalous rib; it originated from 
the sixth rib as a kind of bifurcation. 

Whitlark and Engels, in 1962, reported a 
16 vear old asymptomatic gir] with a left- 
sided intrathoracic rib and a right-sided 
aortic arch. The diagnosis was made from 
the roentgen findings. 

The same year Von Ronnen and Jongh’ 
introduced the intrathoracic rib to the 
radiological literature with 2 case pres- 


|с. 2. (4) Laminagram in the frontal projection shows the cortex and trabeculation of the supernumerary 
rib. (B) Right anterior oblique laminagram shows the articulation of the intrathoracic rib with the antero- 
lateral surface of the eighth thoracic vertebral body. 
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entations and a review of the reported 
cases. Their first patient, an 8 vear old girl 
with ophthalmic scrofula, had an unusual 
forking of the right rib posteriorly. 
inferior branch proceeded almost directly 
downward for to cm. and ended without 


obvious attachment to or abnormality of 


the right hemidiaphragm. Operation was 
not performed. Their second patient, а 5 
vear old bov, was found on a routine roent- 
genogram to have a paravertebral thoracic 
density originating from the area of the 
right fifth thoracic vertebral body, and ap- 
parently ending in the elevated dome of the 
right hemidiaphragm. Though explored, the 
anomalous rib was not removed. It was 
found to have diaphragmatic attachments 
at its distal end. 


DISCUSSION 

That our patient’s congenital anomaly 
should go unrecognized for vears despite 
frequent chest roentgenograms confirms 
our belief that there 18 general unfamiliar- 
ity with this lesion. The anomaly is un- 
doubtedly quite rare, although 
awareness of the entity may result in its 
infrequent recognition and тау, in part, 
account for the paucity of case reports. In 
all 10 cases so far reported, including our 
own, the condition has been unilateral, 8 
on the right side 
the patients were females and 4 were males. 
Only т case showed two anomalous ribs and 
both were in the same area; in the rest the 
aberrant rib was solitary. One patient had 
a right-sided aortic arch. Three of the 10 
patients showed diaphragmatic attach- 
ments. The anomalous rib тау arise from 
one of two sites: the posterior inferior mar- 
gin of an otherwise normal rib or the 
NE body. | 
racic rib have p set xn ~ Pu and 
by Stevenson and Merendino.? Briefly, 
they attribute the defect to incomplete 
fusion between component halves of adja- 
cent sclerotomes. This failure of fusion 
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stimulates the formation of two lateral 
processes on the affected side, both of 
which eventually become ribs, one articu- 
lating with the transverse process and one 
with the vertebral bodv. 

Svmptoms which might have been re 
lated to the supernumerary rib were [und 
in only 1 of the то patients. Three of the 
patients were operated, but in only 2 was 
the anomalous rib resected. In neither re- 
port was a microscopic description in- 
cluded. 

Several conditions should be considered 
in the differential. diagnosis. Unlike an 
anomalous pulmonary vessel, such as the 
“scimitar shadow” of anomalous pul. 
monary vein, intrathoracic rib does not 
branch. Muscle or scar calcification might 
theoretically appear quite similar, but it 
would be expected to be palpable clinically 
and to be less uniform in caliber. Foreign 
body, especially a surgical drainage tube, 
can be excluded by the absence of a scar 
on the skin, and artifact ruled out by a 
repeat roentgenogram. 

In short, if the diagnosis 1s considered, it 
is easily established, for the abnormal 
shadow actuallv looks like a rib. Since the 
condition is ordinarily of no clinical sig- 
nihcance, resection 1s unnecessary. 


ROENTGEN DIAGNOSIS 


The diagnosis of intrathoracic rib should 
be suspected from the routine chest roent- 
genogram and confirmed by further roent- 
gen studv. A smooth intrathoracic band- 
like or ribbon-like density arising from the 


mid-thoracic region posteromedially and 
extending laterally and inferiorly toward 


the hemidiaphragm on the same side is a 


rather unusual finding deserving further 
investigation. A cortical margin to the 
shadow mav be visible on the routine 
roentgenogram. If the superior medial 


margin of the abnormal shadow articulates 
with a vertebral bodv or arises from a rib, 
the diagnosis of intr athoracic rib is ср. 
lished. Reflection of the diaphragm to- 
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- ward the anomalous rib may occur. Stereo- 
scopic films, fluoroscopy, Bucky roentgeno- 
grams and laminagrams demonstrate all 
the roentgen signs to better advantage and 
define the intrathoracic location. 


SUMMARY 


The purpose of this paper is to acquaint 
radiologists with a rare chest roentgen 
finding, the intrathoracic rib. The roentgen 
diagnosis is simply and reliably established 
if one 1s aware of the existence of this 
anomaly. | 


Charles F. Mueller, M.D. 
Department of Radiology 
Cincinnati General Hospital 
Cincinnati 29, Ohio 
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OSTEOLYSIS: A COMPLICATION OF TRAUMA* 
REPORT OF 2 CASES 


By MAJOR FOUAD A. HALABY, MC, and CAPTAIN EUGENE I. 


Di SALVO, MC 


NEW YORK, NEW YORK 


STEOLYSIS of bone as a complication 

of trauma is a rare occurrence. Its 
prognosis and response to therapy are 
unpredictable. The unknown, 
although pathologically angiomatosis of a 
benign histologic pattern replacing the lost 
bone has been reported. In many of the 
cases, osteolvsis has been massive and 
distressing in its unrelenting local progress 
without any respect to local anatomic 
boundaries.':?3:5.6,7 

In a recent report? in the British radio- 
logic literature, osteolysis involving the 
distal clavicle is described. The author 
suggests that this condition is more com- 
mon than previously thought, self-limiting, 
and a direct result of trauma. This *'be- 
топ" form may be a process totally differ- 
ent from that seen in the cases of massive 
osteolysis previously reported. 

Two such cases of self-limiting osteolysis 
which we believe to be a complication of 
trauma are here reported. One is rather 
unusual in that chondrolysis was also 
present. 


Cause 15 


REPORT OF CASES 


Case І. J.A., а 15 year old male, came to 
Rodriguez U. S. Army Hospital on September 
9, 1963 with the complaint of slow but progres- 
sive ulnar deviation of his right wrist. The 
history showed that this painless deviation 
started following a fracture of the radius 8 
years earlier, which was diagnosed as a simple 
fracture with posterior displacement of the 
distal fragment. 

The roentgenogram made on September 9, 
1963 (Fig. 4, 4, B and C) showed ulnar devia- 
tion of the radius with absence of the distal few 
inches of the ulna. Fortunately, the roentgeno- 
grams of the wrist made at the time of the 








Á t 

Fic. І. Case т. (4) Posteroanterior and (B) lateral 
roentgenograms of the right wrist show a fracture 
of the distal shaft of the radius. The ulnar epiphy- 
sis appears to be intact. 


trauma were available for review (Fig. 1, 4 and 
B; and 2, 4 and В). Follow-up roentgenograms 
taken 6 weeks after a routine closed reduction 
of the fracture were also available and these 
showed absence of the distal ulnar epiphvsis 
(Fig. 3, Æ and B). This was missed on the inter- 
pretation at that time, and the patient was 
without complaint until his present illness. 

[n 1963, a physical examination revealed only 
ulnar deviation with fixed contracture of the 
soft parts; there was no evidence of inflamma- 
поп. 


Comment. This is a rather unusual case 
in that the distal ulnar epiphysis including 
the cartilage dissolved. The patient had no 
complaint at that time nor was any unusual 
remark made on the patient’s chart. The 
post-reduction roentgenogram showed a 
normal ulnar epiphysis with osteochon- 


* From the Radiology Service and the Orthopedic Section of Surgical Service, Rodriguez U. S. Army Hospital. 
This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection to its 
presentation and /or publication. This review does not imply any indorsement of the opinions advanced or any recommendation of such 


products as may be named. 
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liG. 2, Case 1. 4) Lateral and (В) posteroanterior roentgenograms taken through plaster cast after reduction 
demonstrate good position and alignment. 


drolysis being complete on the 6 week 
follow-up study. Treatment since then has 
consisted of dynamic splinting. The con- 
tracture has been corrected. It 1s antici- 
pated that arthrodesis with fibular grafting 
will be attempted in the future. 


Case и. K.V., а 24 year old U.S. Navy en- 





l'1G. 3. Case т. (4 and В) Six weeks after reduction 
there is good healing of the radial fracture and ab- 
sence of the ulnar epiphysis 


listed man, was involved in a motor scooter 
accident on May 3, 1963. There was no history 
of loss of consciousness. On examination, he was 
found to have tenderness of the left acromio- 
clavicular joint with slight elevation of the 
distal end of the clavicle. He also had limitation 
of shoulder motion due to pain. А roentgeno- 
gram (Fig. 5) showed an acromioclavicular sep- 
aration measuring O.7 cm. than that 
found on the opposite side. Routine hematology 
and urinalysis were within normal limits with 
the exception of a 7 per cent eosinophilia, which 
was felt to be due to previous Intestinal para- 
sites. The patient was treated with adhesive 
strapping over the clavicle and under the 
olecranon in the manner of Watson-Jones. He, 


more 


was seen several times in the orthopedic clinic, 
and, when seen last in December 1963, there 
were no complaints. A roentgenogram (Fig. 6) 
of the left shoulder showed osteolysis of the 
distal end of the clavicle. Physical examination 
was entirely within normal limits. 


Comment. This patient is comparable to 

those cases reported by Madsen.‘ 
DISCUSSION 

The discrepancy between massive oste- 
olvsis and the cases reported here as well as 
those reported by Madsen would suggest 
that the latter cases may represent a difter- 
ent disease process. For one, these cases of 


Vor 4, NO. 


Osteolvsis 593 





liG. 4. Case 1. (4) Posteroanterior, 


(B) oblique and (C) lateral roentgenograms 8 years later show osteolysis 


of de distal portion of the shaft of the ulna and ulnar bowing of the distal radius. 


occurred 
sufficient to cause fracture 
of bone or rupture of ligaments, whereas in 
the cases of massive osteolvsis there is an 
inconclusive relation to trauma which 
usually is mild when ргезеп« +" Fractures in 


limited 
severe trauma, 


osteolysis all tollowing 


massive osteolysis are often the result of 


the pathologic process rather than the 
cause of 1t. 
° Another differential factor is the self- 


limited nature of the process in our cases 
and those reported by Madsen. Our Case 1 
has been followed for 8 vears from the onset 





Lic. 6. Case п. 
the shoulder shows acromioclavicular joint separa- 
tion with no fracture. 


Anteroposterior roentgenogram of 


ot the disease with no progression. In none 
of the cases was more than one bone in- 
volved, Or d Joint crossed. 

We that the 
trauma followed bv osteolvsis represents a 
cause and effect relationship, although the 
area involved by 
fractured. The ulnar epiphysis in Case 1 
appeared intact on the original roentgeno- 
gram, and no fracture of the clavicle was 
seen in Case rr. 


teel sequence of severe 


osteolysis тау not be 





Case 115 


FIG. 6. 
the shoulder 7 
of the distal portion of the clavicle. 


Anteroposterior roentgenogram of 
months after injury shows osteolysis 
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There were no signs, symptoms, or roent- 
genographic changes implicating auto- 
nomic nervous system involvement, or 
vascular, endocrine or metabolic dysfunc- 
tion. No biopsy material was available in 
these cases, and assumption of the presence 
or absence of angiomatosis would be con- 
jectural. 


SUMMARY 


Two cases of self-limiting osteolysis 
secondary to trauma are reported. 
Major Fouad A. Halaby, MC 
Rodriguez U. S. Army Hospital 
A.P.O. 851 
New York, New York 10000 
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ACRO-OSTEOLYSIS 


By WILLIAM D. CHENEY, 


LANSING, MICHIGAN 


T O | E of acro-osteolvsis have been 
described in the radiologic literature: 
(1) idiopathic or nonfamilial, and (2) famil- 
ial. The disease has been considered a rare 
entity. Idiopathic acro-osteolysis has been 
reported in both the European and Ameri- 
can literature; reports of familial acro- 
osteolysis have appeared only in the Euro- 
pean literature, 72 cases having been re- 
corded to date.! 

On the basis of a recent study of members 


of a familv exhibiting the characteristics of 


familial acro-osteolvsis, the author believes 
that there 1s but one disease entitv, and, as 
stated bv some investigators, that the dis- 
ease 1s part of a larger degenerative bone 
process than the term acro-osteolvsis would 
imply. 

The term acro-osteolysis is derived from 
the Greek word “‘acros”” meaning highest ог 
outermost—a combining form denoting 
"pertaining to the tip or to the extremes or 
to the extremities"— and the word osteo- 
lysis referring to the disintegration of bone. 
Thus, acro-osteolysis means the disinte- 
gration of bone of the tips of the extremi- 
ties, 7.e., specifically the phalanges. As re- 
ported by others and noted in this study, 


the term acro-osteolysis does not in itself 


. ruat 
encompass all of the features of this disease 
entity. 


REPORT OF CASES 


Case 1 (Fig. т, A-D). This white female, aged 
57 years, was bori and has lived in the upper 
peninsula of Michigan most of her life. She is 
the mother of Cases и, ти, ту and v. For the 
past 38 years she has complained of severe in- 
termittent back pain causing considerable in- 
capacitation. 

Physical examination revealed finger shorten- 
ing, primarily at the distal joint level, which has 
been present for approximately 30 years. Her 
head is symmetric but the neck is short, the 
stance Is kyphotic, and her height is 55 inches. 
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M.D. 


Fic. 1. 


Case 1. (4) Skull roentgenogram demon- 
strates basilar impression. Edentulism is complete 
except for unerupted maxillary molar. (B) Severe 
kyphosis and demineralization of spine. The inter- 
vertebral disk density is greater than the density 
of the bodies of the lumbar vertebrae. 
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terminal 


Bilateral 
phalanges. (D) Soft tissues of the fingers show 
clubbing, but the fingernails are intact. (Courtesy 
of Dr. W. Whitehouse, Department of Roent- 
genology, University of Michigan.) 


Fic. 1. (C) osteolysis of the 


The family history is negative. Her husband is 
not a blood relative. Laboratory and chemistry 
studies are not available. 

Roentgen studies made on October 25, 1963 
demonstrated marked skeletal decalcification. 
The sella turcica was shallow and elongated. 
Basilar impression was present. There was 
marked atrophy of the alveolar margins of the 
maxilla and mandible. The patient was com- 
pletely edentulous except for an unerupted 
upper molar. The frontal sinuses were absent. 
An increase in soft tissue volume produced a 
clubbing effect of all digits. There was a non- 
reactive but destructive osteolvsis involving all 
terminal phalanges of the right and left hands. 
There was partial resorption of the proximal 
end of the metacarpal of the first digit of the 
left hand. The feet showed marked decalcifica- 
tion, thinning of the cortices of the metatarsals 
and phalanges, narrowing of the metatarsal and 
metatarsophalangeal joint spaces bilaterally, 
and relative shortening of the first digits. The 
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spine showed severe demineralization, compres- 
sion of the 8th, gth and roth dorsal vertebrae 
and kyphosis centered at the 9th and toth 
dorsal vertebrae. The concavity of the superior 
and inferior margins of most of the vertebrae in 
the lower thoracic and lumbar spine presented 
the '"fish-bone" contour. Intervertebral disks 
appeared denser than tne vertebrae. 


Case п (Fig. 2, 4-6). This male, aged 35 
years, is the second of the 6 siblings. In 1959 he 
contracted tuberculosis, for which the right 
upper lobe and a segment of the right middle 
lobe were resected in August, 1960. It was dur- 
ing this period of hospitalization that his bone 
lesions were disclosed. For the past 5 years the 
patient has experienced severe constant back 
pain with radiation throughout the entire spine. 
Over a period of several years, he has become 
shorter in stature. Intermittently, since the age 
of 10 years, he has had occipital headaches. In 
childhood he injured his right foot and subse- 
quently noted shortening of the first digit. At 
the age of 15 years pain occurred in the second 
digit of each hand. The pain persisted with 
weakness and progressive shortening of the 
digits of each hand. The disability has become 
progressively more severe and has caused him 
considerable unemployment, although he had 
previously worked as a welder and as a steel 
worker. 

The patient is of small stature (57 inches) 
with a short thick neck. The head is elongated 
and the occiput pointed. His stance 1s kyphotic. 
The fingers are broad and short with pain on 
motion. The interphalangeal joints are hyper- 
flexible. Changes almost identical to those seen 
in the hands were noted in the feet. Pain is most 
severe in the right first digit. 

Clinical laboratory studies showed normal 
serum calcium and phosphorus and normal al- 
kaline phosphatase. 

Roentgenograms showed decalcification of 
bone structure. The right and left hands pre- 
sented osteolytic destructive changes involving 
the terminal phalanges of all digits. Destructive 
changes also involved the distal ends of the mid- 
dle phalanges of the second, third, fourth and 
hfth digits of both hands. The metacarpo- 
phalangeal joints of the first digit showed loss 
of spacing. Soft tissues at the ends of all digits 
emphasized the clubbed appearance. Both feet 
demonstrated osteolytic defects with loss of 
substance involving the distal phalanges. The 
short first metatarsal of the right foot seemed to 


VoL. 94, No. 3 


Acro-Osteolvsis 697 








correlate with the history of childhood injury. 
Increase in soft tissue volume emphasized the 
clubbing of all toes. 

The skull was elongated, with widening of 
both coronal and lambdoidal sutures. A depres- 
sion was seen at the site of the anterior fon- 
tanelle. Wormian bone formation was present 
along the lambdoidal suture line. There was 
unusual protuberance of the squamosal portion 
of the occipital bone, producing a bathroce- 


` 
FIG. 2. 


Case п. (4) Bathrocephalic skull con- 
figuration with lambdoidal suture separation, 
basilar impression, depression at anterior 
fontanelle and edentulism. (8) Fusion of dorsal 
processes of C-3, C-4, C-5 vertebrae. (C) Com- 
pressed L-1 and L-2 bodies, demineralization 
and "'fish-bore" excavation of margins of 
bodies. 


phalic skull configuration. The sella turcica was 
enlarged and the dorsum sellae was unusually 
high. Basilar impression was marked. The spi- 
nous processes of the 3rd and 4th cervical verte- 
brae were fused but the bodies were segmented. 
Complete edentulism and marked atrophy of 
the alveolar margins of the maxilla and mandi- 
ble were present. The frontal sinuses were ab- 
sent. 

The lumbar spine showed some degree of 
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Fic. 2. (D and E) Severe osteolysis of terminal phalanges of all digits. 





Fic. 2. (F and G) Clubbing of soft tissues and osteolvsis of the terminal phalanges of the feet. 
g 1 | = 





compression of most vertebrae, increase in the 
width of the intervertebral spacing and a 
"fish-bone" appearance of the vertebrae. There 
was slight dorsal kyphotic angulation centered 
at the 8th thoracic intervertebral space. 


Case пл (Fig. 3, 4, В and C). This female, 
aged 26 years, is the third of the 6 siblings. She 
is also short of stature (57 inches) and has ex- 
perienced back pain for many years. At the age 
of 10 years, she fractured a lumbar vertebra in a 


Acro-Osteolysis 


Fic. 3. Case т. (4) Lateral skull roentgeno- 
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gram showing absence of frontal sinuses, 
depression at anterior fontanelle, wormian 
bones, and basilar impression. (B) Osteoly- 
sis affecting the distal phalanx of the second 
digit of the right hand. (Courtesy of Dr. W. 
Whitehouse, Department of Roentgenology, 
University of Michigan.) (C) Kyphosis at 
fracture and fusion site of dorsolumbar 
junction. 


fall. In 1957 she re-injured her lumbar and dor- 
sal spine in an automobile accident, necessitat- 
ing surgical spinal fusion in the lumbar area. 
She experiences high cervical and occipital 
headaches which are triggered by exertion and 
bending the trunk forward. She has noted no 
changes in her fingers or toes. She has had no 
skin manifestations nor fractures of the ex- 
tremities. The patient has lost 4 inches in height 
since the age of 16 years. 

Physical examination revealed hyperflexible 
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Fic. 4. Case ту. (4) Lateral skull roentgenogram 
showing bathrocephaly, depression at anterior 
fontanelle, basilar impression and alveolar resorp- 
tion of mandible and maxilla. (B) Osteolysis of 
distal phalanges of first, second, third, and fifth 
digits. Fourth digits are not affected. 


joints of the hands, particularly the interpha- 
langeal. The digits are shortened and the hands 
are broadened. The fourth and fifth metacarpals 
appear to be short. Neurologic examination is 
normal. The neck is short, but she is not as 
kyphotic as her older male sibling. The head is 
generally round and shows no increase in the 
anteroposterior diameter. Tenderness is noted 
over the 1oth dorsal vertebra. 

Extensive laboratory studies including blood 
calcium and phosphorus were normal. Buccal 
smear for sex chromatin showed 33 per cent 
positive cells, a normal female pattern (Cour- 
tesy of Department of Genetics, University of 
Michigan). 

Roentgen findings showed minimal fragmen- 
tation of the terminal tuft of the distal phalanx 
of the second digit of the right hand by non- 
reactive bone osteolysis. Wormian bone forma- 
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tion was seen along the lambdoidal suture line. 
A depression was seen at the site of the anterior 
fontanelle and a basilar impression was demon- 
strated. An unerupted maxillary molar was 
present. The lamina dura appeared intact 
around tooth roots. The frontal sinuses were 
absent. 

Evidence of the spinal injury and surgical 
fusion was noted with compression of the 12th 
thoracic and 156 lumbar vertebral bodies, bone 
grafting between the 12th thoracic and 3rd 
lumbar segments and kyphosis centered at the 
Ist thoracic intervertebral space. Eburnation 
and fraying of the adjacent margins of the pubic 
bones were characteristic for osteitis pubis. 


Case iv (Fig. 4, 4-G). This male, aged 21 
years, is the fourth of the 6 siblings. His general 
health is good. He had fractured his right 
thumb at the age of 9 years. In January of 1956, 
at the age of 14 years, he fractured the verte- 
brae in the mid-back and was placed in a body 
cast. He has had no specific back pain since, but 
his back does tire easily. At the age of 15 years, 
he noticed the onset of tactile soreness in the 
fingers. He recalls that this started in one of the 
fingers and gradually spread to the others. The 
fourth digit in each hand seems to have been 
spared. He has experienced no weakness of grip. 
Since the age of 15, he claims to have had frac- 
tures in the region of the left elbow, left wrist 
and right leg. These all healed spontaneously 
without residual defect. Since the age of тт 
years, he has had intermittent severe occipital 
headaches, triggered by exertion, running or 
bending forward. The headaches last about 5 
to Io minutes. His height is 60 inches and he 1s 
taller than either his older brother or sister. 
There has been no decrease in height. He 1s 
employed as a drill press operator and does not 
feel physically or socially handicapped. 

Physical examination showed a shorter than 
average male. The fingers are short, broad, 
slightly clubbed and sore to touch. The nails are 
intact. All of the joints of the hands show hyper- 
mobility. The neck is short and the head 1s 
elongated, with a pointed occiput. His posture is 
good. 

Clinical laboratory studies showed a normal 
serum calcium and phosphorus and normal 
alkaline phosphatase. 

The roentgen findings were similar to those in 
the older male sibling and characterized by 
osteolytic nonreactive destructive bone changes 
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involving digits 1, 2, 3, and 5 of both hands. 
Clubbing of the fingers due to soft tissue 
changes was well demonstrated. 

The skull was elongated, with pronounced 
separation of coronal and lambdoidal sutures. А 
depression was seen at the site of the anterior 
fontanelle. Wormian bones were seen along the 
lambdoidal suture line. Marked basilar impres- 
sion and bathrocephalic configuration of the 
occipital portion of the skull were demon- 
strated. The sella turcica was large with an un- 
usually high position of the dorsal clinoid pro- 
cesses. The frontal sinuses were absent. There 
was an unerupted posterior maxillary molar. 

The distal phalanges of both feet were 
pointed and showed loss of the terminal tufts 
of the second and third digits. 

The spine was generally decalcified. A kyphot- 
ic angulation at the 8th dorsal intervertebral 
space along with slight scoliosis seemed to corre- 
late with the history of back injury. There was 
compression of the superior plate of the Ist 
lumbar vertebra and excavation of the superior 
and inferior margins of the lumbar vertebrae 
generally, giving the “fsh-bone” appearance. 

On January 25, 1964, a biopsy was performed 
(Dr. Harry J. Schmidt). The specimen was ob- 
tained from the lateral aspect of the distal 
phalanx of the left 5th digit. A wedge resection 
was done, including skin, subcutaneous tissue 
and bone through the area of the osteolytic 
process as indicated on roentgenographic study. 
The microscopic pathologic description (Dr. 
John F. Dunkel) was as follows: “The slide sec- 
tion consists of skin and bone. The skin is unre- 
markable. The sections of bone include perios- 
teum. The bone is of the spongy type and dis- 
plays a striking process of necrosis. This con- 
sists of a conversion of multiple foci of bone to a 
grayish amorphous necrotic material in which 
are present numerous spicules and very small 
particles of bone, the bone undergoing the pro- 
cess of necrosis. The process also involves the 
adjacent adipose tissue of the marrow spaces. 
Viable bone adjacent to necrotic material dis- 
plays an absence of the normal endosteal lining. 
No osteoblasts are seen and no tissue reaction to 
the necrotic process is evident." The histo- 
pathologic changes are shown in Figure 5. 


Case v (Fig. 6, 4, B and C). This sibling, 
aged 13 years, has no complaints. She 1s consid- 
ered in good health. At the age of 8 years, she 
fractured the left ankle. The family feels that 
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Fic. 4. (C) Photograph showing dolichocephaly, 
receding mandible and short neck. (D) Clubbing 
of fingers; fingernails remain intact. 


her hands and fingers show changes similar to 
those noted in the older brothers prior to the 
onset of complaints of soreness in their fingers. 
Her stature 1s similar to that of her older sister. 

Clinical laboratory studies showed a normal 
serum calcium and phosphorus. 

Roentgen study demonstrated no reactive 
destructive osteolytic bone changes. There was 
slight fragmentation of the distal phalanx of the 
4th digit of the left foot, with “squaring” of the 
end of the distal phalanx of the 2nd digit of 
both feet. 

The skull demonstrated basilar impression 
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and a depression at the site of the anterior 
fontanelle, but no separation of sutures. The 
general contour of the calvarium was sym- 
metric. The frontal sinuses were absent and 
there were unerupted teeth. The lamina dura 
appeared to be intact. 


REVIEW OF THE LITERATURE 


In 1960 Harnasch? first described an 
"apparently new tvpe of destructive bone 
lesion" which he called acro-osteolvsis. Bi- 
lateral defects were present in the distal 


phalanges of the fingers and consisted of 


osteolvtic destruction of portions of the 
shafts and distal ends of the phalanges. 
Absence of associated reactive bone changes 
or periosteal thickening was noteworthy. 
The roentgen changes of the feet consisted 
of bilateral symmetric destruction of the 
metatarsophalangeal Joints of the 1st digits, 
with periosteal reaction and similar defects 
in other phalanges of both feet without 
periosteal or bone reaction. Bone destruc- 
tion was noted in the maxillary and man- 
dibular alveolar processes. In the cervical 
spine, the «th and 6th vertebral bodies 
showed an inflammatory process with 
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questionable healing. There was moderate 
kvphoscoliosis of the lower cervical and 
upper dorsal spine. 

Harnasch considered a differential diag- 
nosis of leprosy, arthritis mutilans, Ainhum 
disease and various congenital osteolytic 
and inflammatory conditions such as 
syringomyelia, etc., but felt that these 
could be ruled out with reasonable cer- 
taintv. He regarded these changes as due 
to imbalance between the sympathetic and 
parasympathetic systems, manifest by in- 
creased sympathetic activity stimulating 
the osteolytic processes. He postulated that 
this could occur from overactivity of the 
eosinophilic cells of the pituitary body. 

The case reported by Harnasch was a 
male, 43 vears of age, with no family his- 
torv of any known bone disease. The pa- 
tient was a locksmith with recurring at- 
tacks of eczema involving the hands, feet, 
arms and legs and apparently associated 
with the handling of oils and tar. Over a 
period of years, the fingers had become 
shorter and thicker. Numbness of the 
fingers and toes was noted but actual pain 
was not present. Unusual mobility of the 
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Fic. 4. (E and F) Osteolysis involving terminal phalanges of toes. 
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Fic. 4. (С) Compression fracture at L-2 and de- 
mineralization of vertebrae. 





terminal phalanges in all directions was 
present. The Jaw was prognathous. Three 
vears following the original observation, 
the patient complained of pain in the shoul- 
ders and roentgenograms demonstrated 
destructive lesions of the acromial ends of 
the clavicles bilaterally, without periosteal 
or endosteal bone reaction. Harnasch con- 
jectured that these findings represented the 
antithesis of acromegaly. 

In his report of familial acro-osteolvsis, 
Harms: stressed the clinical aspects of the 
disease as beginning with the formation of 
a swelling along the plantar surface of the 
foot which gradually develops into a full- 
blown ulcer of significant size and depth. 
Involvement of the underlving bone with 
ejection of bone fragments, followed bv 
spontaneous healing of the ulcer but sub- 
Ject to recurrence after weeks or months, 
was also described. Comparativelv, it is 








Іс. 5. Case ту. Microscopic section of bone, taken from the distal phalanx of the sth digit of the left hand, 
showing necrosis of bone and marrow without tissue reaction. 
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l'1G. 6. Case v. (4) Premature suture closure caus- 
ing depression at site of anterior fontanelle. 


Basilar impression. 


interesting to note that in this study no 
patient demonstrated spontaneous ulcera- 
tions anywhere in the skin, vet, all demon- 
strated osteolytic destructive changes pe- 
culiar to acro-osteolvsis. 

Giaccai? and Harms,! in reporting acro- 
osteolysis, pointed out the features difter- 
entiating familial and idiopathic acro- 
osteolvsis. Harms! stressed the dominant 
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inheritance pattern in familial acro-osteoly- 
sis and found agreement with Giaccai? 
regarding the 3:1 male to female incidence. 
Both emphasized the characteristic clinical 
appearance of plantar swelling, leading to 
painful ulcerations with remission and 
exacerbation at the original or multiple 
sites. The occurrence of osteomyelitis with 
sequestration of the metatarsals eventually 
produces chronic deformity and mutilation 
of the feet. The phalanges are not so af- 
fected, but undergo "'concentric bone 
atrophy" with destruction of the shatts, 
this latter finding being common to both 
familial and idiopathic acro-osteolysis. 
Both authors emphasized the capability of 
the epiphysis to resist the osteolytic de- 
structive process longer than mature bone. 
Harms? also pointed out that in the idio- 
pathic acro-osteolysis of Нагпазећу the 
fingernails remained intact, plantar ulcers 
did not occur and there were no tactile or 
cutaneous sensory disturbances, the op- 
posite being found in familial acro-osteoly- 
sis. Prognosis for life is good, but complete 
recovery is not to be anticipated. Giaccar? 
described idiopathic acro-osteolysis as fre- 
quentlv unilateral and nearly alwavs asso- 





Fic. 6. (B and C) Early stage of osteolysis of terminal phalanges of digits 2, 4, and 5. 
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ciated with congenital malformations of the 
spine and feet. He also felt that idiopathic 
cases were more common than the familial 
type. 

Further reports of acro-osteolysis have 
been published by Wieland," Wassner,"? 
Greenberg and Street? Papavasiliou, Gar- 
gano and Walls? and Kleinsorge.? There is 
general agreement as to the characteristic 
features, 7.2., shortened and clubbed digits, 
at times with tenderness, pain or pares- 
thesias. The principal pathologic change 15 
bone necrosis of distal phalanges without 
bone reactive changes. Atrophy of man- 
dible or maxilla with an edentulous state 
was noted by Wassner,? Greenberg and 
Street? and Papavasiliou, Gargano and 
Walls.” Dolichocephaly with protuberance 
of the occipital region, wormian bone for- 
mation and absence of tubulation of long 
bones were reported by  Papavasiliou, 
Gargano and Walls.” Looser's zones or 
possible fractures In metatarsals were re- 


ported bv Kleinsorge,’ Greenberg and 
Street? and Papavasiliou, Gargano and 


Walls.? Unstable, hy permobile interphalan- 
geal joints were noted by Greenberg and 
Street. Wieland" reported kyphosis and 
Wassner!? observed marked demineraliza- 
tion of the inner aspects of the clavicles. 
Greenberg and Street? obtained а biopsy 
specimen taken from a lytic area in the 
hrst metatarsal and this was reported as 
"nonspecific fibrosis." 


DISCUSSION 


A study of the members of this previ- 
ouslv unreported family indicates a heredi- 
tary pattern, but the findings more closely 
follow those of the idiopathic acro-osteoly- 
sis as reported by Harnasch;? Wieland,” 
Greenberg and Street? and Papavasiliou, 
Gargano and Walls.? 

The outstanding features of skin ulcera- 
tion and destruction of nails as emphasized 
bv Pipe have not been found in this 
family. Joint hypermobility and sensory 
Е ances, particularly painful pares- 
thesias of the fingers, were found. The oste- 
oly tic defects involving the phalanges of the 
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hands and feet, the bathrocephalic skull 
with multiple wormian bones, the bone 
resorption of the alveolar processes of the 
maxilla and mandible and the loosening of 
teeth were all present. It would seem of 
significance that the female members of 
this familv demonstrated symmetric skull 
configuration as contrasted to the bathro- 
cephalic type skull of the males. All showed 
the effect of premature suture closure at the 
anterior fontanelle. Basilar impression ap- 
peared to correlate with headache. 

The fingernails have remained intact in 
the shortened and widened digits. All indi- 
viduals were uniformly short in stature. 
Very definite deficient bone strength was 
demonstrated bv the fact that these indi- 
viduals appeared to be prone to fractures 
and back injury. "Collapse" of vertebrae 
and deficiency in collagen components of 
supporting soft tissues would seem a logical 
cause for the loss of height, apparentlv 
occurring with increasing age. Of signifi- 

cance was the lack of symptoms and signs 
in early childhood and the beginning of the 
clinically recognizable changes in the digits 
occurring in the teens, progressing to gen- 
eralized osseous involvement with increas- 
ing age. 

The generalized decalcification of the 
skeleton in acro-osteolysis would appear to 
be osteomalacia, although the exact mecha- 
nism for the decalcification 1s not entirely 
clear. 

One might speculate that a process of 
vascular bone resorption associated with 
the ingrowth of blood capillaries into bone, 
the bone being absorbed ahead of the ad- 
vancing vessels, would offer an explanation 
for the phalangeal defects. One might fur- 
ther theorize a genetic concept in which the 
inherent tendencies of the blood capillaries 
would lead to focal ischemia, directly affect- 
ing the bone structure in the phalanges. 
Certainly, the pathologic histology of the 
necrotic process demonstrated in micro- 
scopic sections does not really clarify the 
etiology. A type of lesion of small blood 
vessels producing focal ischemic necrosis, 
even though such cannot be identified in 
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Parents 


Offspring 





Ето. 7. Dominant inheritance pattern in family. 
Diagram showing the gamete distribution to pro- 
duce 2 affected males, 2 affected females, 1 normal 
male and 1 normal female. 


the biopsy material, may be a possibility. 

This disease might well be compared 
with osteogenesis imperfecta tarda in that 
its clinical manifestations are delayed to a 
later age. Although the inadequate and 
abnormal intercellular and cellular sub- 
stances of bone have the ability to with- 
stand the ordinary wear and strain of life in 
bone constructive phases, total maturation 
never seems to occur in focal areas because 
of vascular insufficiency. The hypermobil- 
ity of the joints would also indicate a defi- 
ciency in the production of collagen com- 
ponents of tendons and ligaments. This 
would also suggest the inability to trans- 
form collagen into its mature adult form. 
The foregoing concept would allow for the 
ability of the patient with acro-osteolysis 
to repair fractures occurring in the earlier 
stages of life. 


GENETIC CONSIDERATIONS 


A factor of great genetic importance is 
consanguineous marriage. The rarer a spe- 
cific abnormality is, the greater is the possi- 
bility that a thorough study of family 
history of the affected person would reveal 
a consanguineous marriage. A study of this 
family has not uncovered such evidence. 

The study, however, confirms the domi- 
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nant inheritance pattern in this family 
transmitted from mother to both male and 
female offspring (Fig. 7). The second gen- 
eration offspring have not demonstrated 
the disease entity by roentgen study, but 
the clinical appearance of at least one indi- 
vidual is suggestive. The abnormal genetic 
trait appears first in the maternal parent 
with definite transmission to 2 male and 2 
female offspring. 

No attempt has been made to determine 
that acro-osteolysis as a hereditary dis- 
order may be the result of a single genetic 
defect or a combination of defective genes. 
If a single gene is responsible, a syndrome 
of acro-osteolysis represents a bizarre pleio- 
tropic genetic defect. The idiopathic case 
may be an individual with a dominant trait 
in homozygous form, the disorder in hetero- 
zygous form (in the parents) being so mild 
as to escape recognition. The idiopathic case 
would in this situation derive one dominant 
gene from each parent. If one could assume 
that the idiopathic or isolated cases of acro- 
osteolysis reported by others resulted from 
genetic mutation, the entire entity could 
be explained on the basis of a genetic con- 
cept, in spite of the fact that the entity in 
possible offspring was neither recognized 
nor reported. This would help to correlate 
the rarity of the idiopathic cases, as empha- 
sized by Greenberg and Street® and Papa- 
vasiliou, Gargano, and Walls.? 


SUMMARY 


Cases of familial acro-osteolysis, as a 
dominant inherited disease with roentgen 
and clinical findings overlapping those 
previously reported as either familial or 
idiopathic, are presented and discussed. 
Basilar impression and bathrocephaly, with 
variations between the contour of the male 
and female skulls, and progressive loss of 
height have been added to the multiplic- 
ity of findings. 

The age range encountered, spanning the: 
years from early teen age to the sixth 
decade, would tend to show that there is 
progressive deterioration of mesenchymal 
components of bone and bone matrix and 
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probably of the collagen elements of ten- 
dons and ligaments of the joints. 

The capability of fractures to heal would 
seem to indicate the capability of bone 
forming elements to function in the imma- 
ture state 1n spite of ultimate inability to 
attain the final competent structure of 
mature bone. 

The hereditary pattern is clearly estab- 
lished in this study and substantiates the 
dominant pattern proposed by others. The 
genetic concept is used to explain the occur- 
rence of the idiopathic or nonfamilial cases 
reported, vet to maintain this disease entity 
within a classification of a large generalized 
congenital osseous dysplasia, more far 
reaching in its extent than the term acro- 
osteolysis would imply. 


Department of Radiology 
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SKELETAL FLUOROSIS AMONG INDIANS OF THE 
AMERICAN SOUTHWEST 


By JOHN W. MORRIS, M.D.* 


PHOENIX, ARIZONA 


арат fluorosis тау be recognized 
by observing the rather characteristic 
sclerotic bone changes in individuals ex- 
posed to unusually high quantities of fluo- 
ride salts. Ingestion of drinking water 
having a high concentration of fluoride 
salts is a frequent cause, 9.9741? but find- 
ings may also occur in cryolite workers and 
in miners working with ores having a high 
fluoride content.” 

For the past several years occasional 
patients at the United States Public Health 
Service Indian Hospital in Phoenix, Ari- 
zona, have been noted to have unusually 
dense bones, especially of the spine and 
pelvis, quite similar to the findings of oste- 
opetrosis or "marble-bone disease." Inter- 
estingly, these patients came from several 
specific localities on the Papago and Apache 
Indian Reservations 1n Southern Arizona, 
and this fact prompted an investigation of 
the drinking water from wells in these 
areas. Analysis of these waters yielded 
fluoride concentrations varying from 0.5 
parts per million (p.p.m.) to higher than 18 
parts per million.*!515 This is considerably 
in excess of the 1 part per million commonly 
recommended for the prevention of dental 
caries." Samples of bone of some of these 
patients were analyzed for fluoride content, 
and the excessively high values obtained 
confirmed the diagnosis of skeletal fluorosis. 
This communication is concerned with the 
presentation of these cases and diagnostic 
data, emphasizing the roentgenographic 
findings. 


METHOD AND MATERIAL 


The United States Public Health Service 
Indian Hospital at Phoenix, Arizona, is the 
referral center for field clinics and reserva- 
tion hospitals of American Indians in Cali- 


fornia, Nevada, Utah and most of Arizona; 
and these areas represent the source of the 
population studied. From 1959 through 
1963, 20 American Indian patients with 
unusually dense bones were discovered. 
During this 5 year period, there were 9,726 
admissions to this hospital, and 84,707 
visits to the outpatient clinic. Approxi- 
mately 40,000 chest roentgenograms were 
examined, one-third of which were obtained 
from field units. 

The diagnosis of skeletal fluorosis was 
suspected on the basis of findings on routine 
chest examinations and studies of the spine 
and abdomen. The hospital records indi- 
cated the patient's residence and other 
pertinent information. Fluoride content of 
well water samples was provided by water 
analysis data compiled by state and federal 
Public Health Service organizations. Anal- 
ysis of bone samples for fluoride content 
was performed by Dr. I. Zipkin of the 
National Institute of Dental Research, 
Bethesda, Maryland. 


RESULTS 


In our series there were 15 males and 5 
females. The ages ranged from 22 to 85 
years. Twelve of the 20 cases were over 40 
years of age, and 5 exceeded 60 years. Of 
these 20 patients suspected of having skele- 
tal fluorosis, none had signs or symptoms of 
bone disease, except one 22 year old Apache 
male with severe renal rickets resulting 
from chronic pyelonephritis (A.U.). There 
was no evidence of any deleterious results 
of the skeletal changes, with the possible 
exception of a 58 year old Apache male 
(F.S.), who, throughout his life, had sus- 
tained multiple fractures (Fig. 8 and g), the 
cause of which was undetermined, even at 
necropsy examination. He died of pneumo- 
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nia. À comparison of tribal distribution of 
all hospital admissions and patients with 
skeletal fluorosis is presented in Table 1. 
From these data it is seen that a dispro- 
portionate number of patients with fluoro- 
sis are from the Papago tribe. These 16 
Papagos live in the general vicinity of Gila 
Bend, Arizona. The well water fluoride 
content in this area is quite high. The Gila 
Bend Water Works gives figures of 7.1 to 
7.3 p.p.m. as the fluoride concentration of 
well water trom which they receive their sup- 
ply. On the Papago reservation about 25 per 
cent of the vets sampled vielded water of 
more than 1.5 p.p.m. Water in the south- 
western quar ter of the reservation, where 
voleanic rocks are dominant, generally 
contain greater concentrations of fluoride 
than waters from other ground-water 
areas.! The 3 Apache patients lived near 
Bylas, on the San Carlos reservation. Wells 
in this area contain water with on 
concentrations of т.о p.p.m. to 9.2 p.p.m.? 
Because of the migrant nature of manv of 
these Indians, it was impossible to deter- 
mine specifically from which well or wells 
these patients took their water, but it is 
clear that all come from areas known to 
have an excessively high fluoride content in 


drinking water. Characteristic mottling of 


the teeth from excessive fluoride ingestion 
is a frequent observation among these 
people. 

Seven of our 20 patients underwent bone 
biopsy. The results of the fluoride analvsis 
and the degree of bone changes are tabu- 
lated in Table и. The bone changes were 
subjectively graded from 1 to 4, depending 
upon the degree of change. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic manifestations of 


skeletal fluorosis were first described in 
1932 by Møller and Gudjonsson, who in 
their classic paper reported osseous changes 
in 30 of 78 crvolite factory workers who had 
inhaled and swallowed the dust of the 
fluoride-rich ore. The bones of the spine and 
pelvis were described as being thick and 
dense. The contours of the vertebrae were 
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Taste I 
TRIBAL DISTRIBUTION OF PATIENTS WITH 
FLUOROSIS COMPARED WITH HOSPITAL 
ADMISSIONS 


Skeletal Fluorosis 





Tribe — All Admissions 
1959-1963 

No. of Per Cent No.of Рег 

Cases Cases Сеп? 
Pima eet 36.2 | 5 
Арасће 1,756 18.1 3 15 
Navajo 1:033 10.6 О о 
Papago 787 8.1 16 50 
Нор: 459 $.0 о о 
Other 2,144 24 0 О О 
Total 9,726 100.0 20 100 


not sharp and the transverse processes 
appeared plump and thick. Calcification of 
the spinous ligaments and considerable 
osteophy tosis of the vertebral bodies were 


present. Occasional calcification of the 
ischiosacral ligaments was also seen. The 


ribs appeared to have needle-like calcifica- 
tions projecting out at the attachments of 
the inte-costal muscles in some cases. The 
long bones were involved to a lesser extent, 
but the compact layers of bone appeared 
thickened and the marrow cavity nar- 
rowed. The small bones of the hands and 
feet were involved to an even lesser extent. 
The cranium was occasionally involved with 
some degree of thickening. It was pointed 
out that the intensity of changes is most 
marked in the axial skeleton and becomes 
less toward the periphery. Roholm"™ pre- 
sents a dynamic description of the changes 
due to Juorosis and emphasizes that the 
changes in the extremities and skull were 
not seen in his cases. 

In the present studv, it was found that 
the first and most subtle change appears to 
be a thickening and roughening of the 
trabecular pattern of bone, best recognized 
and eariest seen in the vertebral bodies, 
especially in the lateral projection (Fig. 1). 
In cases with a greater degree of involve- 
ment, these changes are found also in the 
pelvis, clavicle and ribs, accompanied by a 
generalized sclerosis of these bones (Fig. 2), 
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which at first resembles widespread osteo- 
blastic metastases, but which is not limited 
to one bone or a discrete area of one bone. 
These osseous changes are symmetric, 
diffuse and not well demarcated. The more 
advanced manifestations are quite obvious 
and usually are readily apparent on the 
frontal roentgenogram of the chest (Fig. 3). 
The ribs are thickened and all visible bones 
are involved with a diffuse, extensive and 
generalized sclerotic process. The vertebral 
bodies, particularly, are extremely dense 
(Fig. 4) and closely resemble the findings in 
osteopetrosis, except for the fact that, in 
skeletal fluorosis, there is a greater degree 
of osteophytosis than one would expect, 
and that these osteophytes, too, appear 
inordinately sclerotic; and, unlike osteope- 
trosis, the long bones and skull tend to be 
spared by the sclerotic process. In our series 
the skull and bones of the hands and feet 


were not involved. It has been indicated 
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that calcification of the sacrospinous or 
sacrotuberous ligaments (Fig. 5, 6 and 7) is 
an important diagnostic feature," and 
this observation was made in 3 of our 20 
cases. Calcification of these ligaments may 
not be symmetric; it appears to progress 
superiorly, so that the part of the ligament 
nearest to the sacrum 1s the last to become 
opacified. 

In addition to osteopetrosis and osteo- 
blastic metastases, the differential diagno- 
sis includes Paget's disease, which is usu- 
ally not symmetric or as generalized and 
frequently involves the skull. Differentia- 
tion from myelofibrosis may be difficult, 
but in our cases fluorosis was not associated 
with anemia or splenomegaly. Osteosclero- 
sis from chronic renal disease associated 
with secondary hyperparathyroidism may 
produce similar changes, and indeed may 
have intensified the findings in one of our 
patients (A.U.) (Fig. 8). Urticaria pigmen- 


TABLE II 


FLUORIDE CONTENT OF BONE OF PATIENTS ANALYZED 


Site of 

Patient Age Sex Tribe Residence Biopsy 
A.U. 22 M Apache Bylas Rib 
Ilium 

A.W. 28 Е Apache Bylas Sternum 
Rib 

L.V. 38 M Papago Gila Bend Sternum 

А.О. бо M Papago Arlington Sternum 

РЈ. 55 M Papago Gila Bend Sternum 

A.L. 49 M Papago Gila Bend Sternum 

F.S. 58 M Apache Bylas Vertebra 
Average values in Rib 

population drinking Sternum 

water of less than Vertebra 
т.о part per million (p.p.m.) *? Ilium 


* Calculated. 


Estimation of Degree of 


Per | 
Per Cent Per Сез: Roentgenographic 
Cent Е F Be 
Ash в. 4 Ash Basis Ribs Pelvis Verte- 

asis b 

rae 

55 .629 hi4. 4t at . at 
50 .649 1.08 
60.6 .699 Tis 1+ 2+ 24- 
60.6 .556 .92 
62 .149 .241 о I+ 2+ 
63.3 · 160 253 о — I+ 
65.9 .156 237 «I+ 1d- 24- 
61.6 126 204 © 1+ I+ 
55.2 563 I.02 a+ 2+ 3-4 
56.04 .045* .o8+.01 о О о 
48.59  .063% .13+ .02 о о о 
49.82 ogo* тоф .ої о о о 
53.51  .043" .08:.o1 О о о 
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Fic. 2. Posteroanterior chest roentgenogram shows 
the typica, but not so extensive, changes of 
sclerosis. 





Fic. т. Lateral roentgenogram best demonstrates 
the earliest changes of the vertebral bodies. 
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Fic. 4. The extensive osteophytosis and extremely 
Fic. 3. Typical changes of extensive involvement. dense vertebral bodies are typical findings. 

The thickened and sclerotic ribs with the coars- 

ened trabecular pattern are characteristic. 
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DISCUSSION 


In recent years, it has been pointed out 
that a certain amount of fluoride in the 
drinking water 1s desirable in order to de- 
crease the incidence of dental caries. Most 
authorities suggest that a fluoride concen- 
tration of 1 part per million (1 p.p.m. or 
.оо1 mg. per cent) is ideal. The dental pro- 
fession is cognizant of the fact that consid- 
erably higher levels of Huoride (3-4 p.p.m. 
and higher) mav cause a characteristic 
brownish mottling of the teeth, even before 
thev erupt.? [n concentrations greater than 
4 p.p.m., characteristic sclerotic bone 
changes are also apt to occur.’ Hodges eż a7. 
report no skeletal sclerosis in two Illinois 
communities where the concentration of 
fluoride is 3 p.p.m., but mottled enamel wag 










, 


Fic. 5. The dense lumbar vertebrae are unmistak- 
able. The sacrospinous ligaments are heavily 
calcified. 





tosa mav cause sclerotic osseous changes, 
but onlv in association with adjacent cu- 
taneous changes. 


Fic. 6. Calcified sacrospinous ligaments are con- Fic. 7. Extensive sclerosis and osteophytosis of the 
sidered diagnostic of fluorosis when bone sclerosis vertebral bodies and calcification of one sacro- 
Is present. tuberous ligament. 
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observed in the majority of the patients 
who had been exposed to this water during 
childhood. Stevenson and Watson"? con- 
clude that osteosclerosis 1s not roentgeno- 
graphically apparent when the fluoride 
concentration is less than 4 p.p.m. How- 
ever, Azar e£ al! report cases of skeletal 
fluorosis in Qatari people along the Persian 
Gulf, who ingest water having a concentra- 
tion of fluoride of less than 4 p.p.m., but 
they suggest that local factors such as hot 
climate and malnutrition may be factors 
responsible for the manifestations, at this 
level of fluoride content in the drinking 
water. 

Without doubt, fluorides have been 
shown to be the ultimate cause of osseous 





Fic. 8. Typical changes of severe fluorosis compli- 
cated by renal rickets, causing bilateral protrusio 
acetabuli. 
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Fic. 9. Extensive idiopathic fractures, not re- 
lated to fluorosis. 


and ligamentous changes, but just how 
these changes come about is not certain. 
Leone e a/.,"? after a carefully controlled 
study, concluded that excessive fluorides in 
drinking water may produce changes, but 
they occur in only 10-15 per cent of all 
those individuals exposed over a period of 
many years to drinking water with a fluo- 
ride concentration of greater than 8 p.p.m. 
It was noted that roentgenographic changes 
may not be apparent even when the fluo- 
ride content of the bone is 6 times that of 
normal. It was, therefore, concluded that 
an increased concentration of fluoride in the 
drinking water does not uniformly produce 
the characteristic bone changes. From 
tabulations of the present study (Table 11), 
it is apparent that the degree of bone 


614 





lic. то, Extensive idiopathic fractures, not thought 
to be connected causally with fluorosis (same pa- 
tient as in Fig. 9). 


change does not correlate well with the 
amount of fluoride present in the bone. It is 
evident that ingested fluorides may cause 
osseous sclerosis, but it is an enigma that 
people from the same area, drinking water 
from the same source, have considerable 
variability in the degree of sclerosis, and 
indeed may have no roentgenographic 
changes at all, even though it has been 
shown that fluoride concentrations in bones 
of a human population has a linear relation- 
ship with the concentration of fluorides in 
the drinking water up to concentrations of 
4 p.p.m.? Pugh! postulates that the scle- 
rotic changes are due, not to the fluoride 
salts themselves, but to the reactive bone 
changes in response to their presence. It 1s, 
therefore, concluded that the sclerotic bone 
changes must not be caused directly and 
entirely by the presence of fluorides in the 
bone, and that the individual response to 
the fluorides must, for some reason, be 
greatly variable. Differences in roentgeno- 
graphic technique may be partly respon- 
sible in some cases, and a carefully con- 
trolled studv would be necessary to exclude 
this variable. 

Stevenson and Watson!*?/? conclude that 
osteosclerosis from fluoride concentrations 
as high as 8 p.p.m. causes no harmful ef- 
fects. In their series of 23 cases, they were 
unable to find any unusual incidence of 


John W. 


Morris Jury, 1965 
anemia, arteriosclerosis, arthritis, stiffness 
of the back, renal disease or biliary calculi. 
Leone? states that of 237 people, who for 
over 30 vears drank water with a concen- 
tration of 8 p.p.m., no clinically significant, 
adverse, physiologic or functional effect 
resulted from the absorption of fluorides, 
with the exception of dental fluorosis. 
McCann!’ believes that the human skeletal 
tissue may have a high degree of physio- 
logic tolerance to the accumulation of 
skeletal fluorides. As much as .5—.6 per cent 
in skeletal tissues may not be a physiologic 
hazard to the individual. Calenoff? reports 
à case of latrogenic fluorosis in a male who 
for 6 years medicated himself with consid- 
erable quantities of hydrofluoric acid as a 
tonic. This man presented with extensive 
osseous changes, but had no symptoma- 
tology with reference to fluoride ingestion. 
Bishop? indicates that the extensive osteo- 
phytosis may be responsible for back pain 
occasionally seen, but emphasizes the be- 
nign nature of fluorosis. Leone? states in a 
personal communication that he suspects 
that fluorosis may, in fact, provide some 
degree of protection against the effects of 
loss of osseous strength from senile osteo- 
porosis. 

Our cases indicate that skeletal fluorosis 
Is a benign condition, since none of our 20 
patients had any signs or symptoms rela- 
tive to the osseous or ligamentous changes, 
with the doubtful exception of the one 
patient having multiple and repeated 
fractures. 


SUMMARY 


Presented are 20 cases of Southwestern 
American Indians having characteristic 
sclerotic bone changes caused by the inges- 
tion of drinking water containing exces- 
sively great quantities of fluoride salts. The 
changes of skeletal fluorosis are described, 
and it is pointed out that the degree of 
change does not seem to correlate well with 
the concentration of fluoride in the bone. It 
remains an enigma that there is such varia- 
bility in the degree of the manifestations 
among people exposed to the same supply 
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of drinking water, but it is pointed out that 
factors such as climate, nutritional status, 
and habit variations may be responsible. It 
is concluded that skeletal fluorosis produces 
no demonstrable physiologic adversities, 
but it 1s important to differentiate from 
serious pathologic conditions which it may 
simulate. 


Section of Radiology 
United States Public Health Service Indian Hospital 
Phoenix, Arizona 
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OSTEOPETROSIS* 
A CASE PRESENTATION 


By GEORGE LOTT, LT MC USNR,t and EDWARD KLEIN, LCDR USN} 


GREAT LAKES, ILLINOIS 


STEOPETROSIS, a developmental 

abnormality of the skeleton of un- 
known etiology, is characterized by gener- 
alized increased bone density. The entity 
was first described by Albers-Schónberg in 
1904 and termed "marble bones." Later, in 
1926, the condition was designated as oste- 
opetrosis by Karshner.* 

The disease is hereditary and shows a 
strong familial tendency 39 There аге no 
indications of race or sex predilections. 
Consanguinity of the parents has been 
reported to be present not infrequentlv in 
osteopetrotic descendants.” 

McPeak? was one of the first to describe 
two different types of osteopetrosis based 
on their clinical course. In the malignant 
varletv, the onset is at birth or shortly 
thereafter. There may be, in addition to 
marbling of the bones, hydrocephalus, 
severe anemia, ocular disturbances, hepato- 
splenomegaly, frequent fractures and the 
resulting deformities. These infants are 
usually underdeveloped and survive only a 
few years. 

The second type is the benign form in 
which the onset is later in life. Here, there 
may be a history of fractures from minor 
trauma or the patient may be entirely 
asymptomatic. Anemia is not common and 
hepatosplenomegaly is rare. In the follow- 
ing case, osteopetrosis was an incidental 
finding during a routine studv. 


REPORT OF A CASE 


D.K., a 37 year old white housewife, had 
twisted her right ankle one week prior to being 
seen in the out-patient department. The ankle 
remained tender and slightly swollen. Roent- 
genograms of the ankle showed no fracture; 





Fic. 1. Lateral view of the cervical spine shows the 
typical "sandwich vertebrae" characteristic. of 
osteopetrosis. 

however, an unusual sclerotic pattern was 

noted in the distal tibia and fibula as well as in 

all the tarsal bones (Fig. 5 and 6). The patient 
was unaware of these findings and consented to 

a skeletal survey (Fig. 1 through 8). 

The family history was not obtainable as the 
patient was an adopted child. Past history re- 
vealed that she was hospitalized as a child (age 
7 years) for polyneuritis and suspected lead 
poisoning. Detailed study for lead ingestion, 


* From the Department of Radiology, US Naval Hospital, Great Lakes, Illinois. 
The opinions expressed are those of the authors and do not necessarily represent the views of the Navy Department. 
+ Resident in Radiology, Veterans Administration Hospital, Hines, Illinois, currently serving in US Navy. 
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however, was negative. Roentgenograms at 
that time were considered suggestive of osteo- 
sclerosis. These films cannot be located; how- 
ever, they were interpreted as follows: “Films 
of the extremities show a broad zone of in- 
creased density at the ends of the long bones 
which shades off gradually for a considerable 
distance into the diaphysis. The bones in gen- 
eral appear to be increased in density." It was 
the impression of the house officers that the 
patient did have plumbism but also that marble 
bone disease should be a consideration. She 
recovered from this episode uneventtully. She 
had no other significant childhood or adult ill- 
nesses. 

Indicated laboratory studies, including a 
complete blood cell count, sedimentation rate, 
urinalysis, serum calcium and phosphorus, 
alkaline phosphatase, blood smear and 24 hour 
urine examination for calcium, were all within 
normal limits. Roentgenograms of the patient’s 
children were normal. 

A detailed examination of the present roent- 
genograms suggested that the disease process 
began when the patient was 4 or § years of age 
and ceased somewhere between the ages of 10 
and 12. Bone formed before and after this 





Fic. 2. Roentgenogram of the thoracic spine clearly 
shows the “‘sandwich vertebrae." 


Osteopetrosis 





Гс. 3. Roentgenogram of the lumbar spine shows 
findings similar to those in Figure 1 and 2. 


period was normal. Retention of original bone 
was most striking in the epiphysis. It appeared 
that bore laid down in the epiphysis remained 
without reconstruction. The metaphysis of the 
long boaes showed that remodeling had oc- 
curred but sufficient findings were present bv 
which it was possible to roughly identify the 
time when the disease began and ceased. The 
lack of sclerosis in the carpal bones as compared 
to the tarsal bones suggested that considerable 
reconstruction had taken place in the former. 

Physical examination of the patient was not 
remarkable with the exception of pain and 
limitaticn of motion of the left shoulder. Roent- 
genograms revealed rather large calcium de- 
posits w thin the rotator син. 

Surgical correction was advised for the peri- 
tendinitis calcarea of the shoulder and the 
patient consented to undergo bone biopsy at 
the time of surgery. Specimens were taken from 
the humeral head and distal tibia. 

The Department of Pathology at the Navy 
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Fic. 4. Roentgenogram of the pelvis demonstrates 
laminated ring-like densities of the iliac bones. 
These alternating lines of increased and decreased 
density point to the fact that the disease process 
15 subject to remissions and exacerbations. 


George Lott and Edward Klein 
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Hospital, San Diego, California, as well as the 
Armed Forces Institute of Pathology, diagnosed 
the biopsy findings as osteopetrosis. 


DISCUSSION 


Osteopetrosis 15 a rare condition in that 
there are only 257 cases reported in the 
literature. The roentgenographic changes in 
the malignant variety are seen 7” utero or 
soon after birth and show uniform sclerosis 
or marbling of the entire skeleton, narrow- 
ing of the medullary spaces and failure of 
normal remodeling of the metaphyseal 
portion of the long bones. 

In the benign variety the long bones 
show sclerosis in the metaphysis and at the 
site of the previous epiphysis. This sclerosis 
gradually fades in the diaphysis, in which 
there may be a lesser degree of involve- 
ment. The pelvis is commonly involved and 
may show concentric sclerotic rings giving 
the appearance of a “Бопе within a bone." 
[n the spine, as seen on the lateral view, 
there 1s a "sandwich vertebrae" appearance 
due to dense superior and inferior portions 
with normal bone in the middle. 

The carpal and tarsal bones may also 
show a “bone within a bone" appearance 
which 1s characteristic of benign osteope- 
trosis.? 





lic. 6. Foot roentgenogram shows to advantage the 


"bone within a bone" effect best seen in the 


cuboid. 





Fic. 5. Lateral roentgenogram of the ankle shows 
dense sclerotic deposits in the distal tibia, talus 
and os calcis. 
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The bones of the hands are not com- 
monly involved; however, they may show 
various degrees of increased density which 
may be associated with thickening of the 
shafts and, occasionally, sy ndactyly.? 

In the skull, there mav be sclerosis of the 
base and narrowing of the foramina, result- 
ingin neurologicsymptoms.* Clubbing of the 
anterior and posterior clinoids is common. 
In the malignant variety there may be, in 
addition to the above, sclerotic changes 
involving the vault, orbits, maxillae and 
mandibles with obliteration of the mastoid 
cells and sinuses. 

In the authors’ experience, the “запа- 
wich vertebrae” and “Бопе within a bone" 
appearance when present in adults are 


41. 
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Ето. 7. Note the persistence of dense transverse 
lines in the distal femur and proximal tibia. This is 
attributed to deficient bone resorption. Also note 
metaphyseal sclerosis. 
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ас. 8. Unresorbed juvenile bone persists in the 
humera. head. Several sclerotic nidi are seen in 
the coracoid process, clavicle and ribs, 


pathognomonic of benign osteopetrosis. 

In most cases of osteopetrosis, the roent- 
genographic differential diagnosis is not 
dificult. In heavy metal poisoning, trans- 
verse bands of increased density are present 
in the metaphyseal regions of growing 
tubular bones. The astragalus and the 
sphenoid are not involved. When exposure 
to the toxin ceases, the densities graduallv 
fade. In adults, the roentgenologic diagno- 
sis of heavy metal poisoning cannot be 
made.’ 

In fluorosis, the growth centers are in- 
volved; however, the skull is spared. There 
is mottl ng of the teeth and ligamentous 
calcifications. In addition to the above 
findings, a history of increased fluorine 
intake and chemical analysis of the bones 
will clarify the diagnosis. 

Early in myelosclerosis the bones may 
show pacchy areas of increased density. As 
the condition progresses, the density be- 
comes diffuse and involves the entire skele- 
ton with the exception of the skull. Trans- 
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verse bands of increased density are not 
seen. This condition is also characterized by 
progressive anemia and splenomegaly. The 
bone marrow examination which shows 
myelofibrosis is diagnostic. 

Other entities which must be considered 
are lymphoblastomas, metastatic osteo- 
blastic carcinoma, Paget’s disease, osteo- 
pathia striatum, Englemann’s disease, in- 
fantile cortical hyperostosis, melorheostosis 
and osteopoikilosis. For discussion of the 
above, the reader is referred to Hinkel’s 
excellent article.* 


SUMMARY 


A case of benign osteopetrosis is pre- 
sented. Following a brief review of the 
literature, the roentgenographic character- 
istics and differential diagnosis are dis- 
cussed. | 


George Lott, M.D. 

Department of Radiology, 
Veterans Administration Hospital 
Hines, Illinois 


George Lott and Edward Klein 
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BOSTON, MASSACHUSETTS 


AUCHER'S disease 1s an uncommon 
metabolic disturbance characterized 
by abnormal deposition of cerebrosides in 
the cells of the reticuloendothelial svstem. 
A positive diagnosis depends upon the 
identification of Gaucher's cells in biopsy 
aspirate from the sternal marrow? or, more 
reliablv, from the spleen. Neither Gaucher’ S 
cells Пор abnormal cerebrosides сап ђе 
isolated trom the circulating blood. 
Although the disorder is a systemic one, 
symptoms and roentgen manifestations 
varv widelv, depending upon the predomi- 
nant sites of involvement and upon the 
stage of the disease process. 


CLINICAL FEATURES 


Gaucher’s disease occurs predominantly, 
but not exclusively, in people of Jewish 
ancestry. Cases have been reported in 
Indians, Filipinos, Mexicans, Japanese, and 
Nearocs, The sex incidence is equal. The 
disease is described as occasionally familial, 
since approximately one-third of the re- 
ported cases have involved several mem- 
bers of a familv in a single generation.!? 
Occurrence in siblings is unusual. Two 
forms are recognized, an infantile or acute 
form, which usually terminates fatally 
within 18 months, and a chronic form, 
characterized by a progressive, insidious 
course, consistent with a relatively long life 
span. 

Approximately one-third of 
Gaucher's disease are seen in infancy. At 
this age, symptoms are referable chiefly to 
the nervous and respiratory systems. There 
is a close resemblance to Niemann-Pick 
disease except that there are no macular 
changes. Commonly, the first abnormality 
noted isabdominal enlargement from hepat- 


cases of 


osplenomegaly. Usually, after 6 months, 
there is evidence of apathy, anorexia with 
mental -egression, and, occasionally, spas- 
ticitv, No instance ot macroscopic bone 
change was discovered in this age group in a 
review of the literature, nor are anemia, 
thrombocytopenic purpura, or skin pig- 
mentation encountered. 

Ot the chronic cases, со to бо per cent 
show symptoms in the first decade of lite, 
with vague feelings of weakness and fatigue 
and abdominal discomfort which may 
continue over long periods of time. There is 
sometimes a slow and unexplained progres- 
sive weight loss. The skin of the exposed 
parts, particularly the face, neck, and pre- 
tibial surfaces, takes on a vellowish- brown 
hue and eventually the patients look chron- 
ically ill. A triangular conjunctival thicken- 
ing somewhat resembling pingueculae de- 
velops in approximately one-third of the 
cases.” The patients show a bleeding ten- 
deney, usually in. the nature of gingival 
bleeding, epistaxis, and hematuria, and 
often bruise easily. 

Bou ts of pan a nd аа of pon or 


i and knee joints are “the - most com- 
monlv involved, followed bv the ankle and 
shoulder. The svmptoms and roentgen 
changes in the hips are indistinguishable 
from thcse of Legg-Perthes' disease. Patho- 
logic fractures occur in from 5 to 10 per cent 
of cases :n childhood, usually involving the 
hips, ribs, and vertebrae, but are uncom- 
mon in adult lite.” 

Splenomegaly is almost invariably found. 
Enlargement of the liver occurs in 70 to 80 
per cent of cases but is usually of consider- 
able less degree than that of the spleen. 
Approximately 80 per cent of cases will 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. 
T Assistant in Radiology, Harvard Medical School; Assistant in Radiology, Massachusetts General Hospital. 
t Clinical Fellow in Radiology, Massachusetts General Hospital, Presently: St, Michael's Hospital, Toronto, Ontario, Canada, 
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show hematologic abnormality,” fre- 
quently a pancytopenia; anemia, leuko- 
penia, and thrombocytopenia may be 
found in varying combinations. Elevation 
of serum phosphatase is almost invariable.” 
Superficial lymphadenopathy is unusual. 

A purely osseous form of the disease 
without hepatosplenomegaly has been de- 
scribed by Pick, and Harrison and Louis? 
reported a case with extensive bone changes 
and pathologic fractures without spleno- 
megaly. An atypical example was reported 
by. Petit and Schleicher“ in a 79 year old 
Jewish male who showed no clinical findings 
or gross changes either roentgenographi- 
cally or at autopsy, but did show micro- 
scopic infiltration of Gaucher's cells in the 
bone marrow, spleen, and lymph nodes of 
the porta hepatis. | 

The typical roentgenographic finding of a 
trumpet-shaped deformity of the distal 
femora with thinning of the cortices and 
subsequent rarefaction and condensation of 
spongiosa is characteristic but not pathog- 
nomonic and presents in only those cases in 
which there is gross bone involvement. In 
general, the more delayed the onset of 
symptoms, the better the prognosis seems 
to be. 


PATHOLOGIC MANIFESTATIONS 


In the adult, the predominant sites of 
involvement are spleen, liver, bone marrow, 
and deep lymph nodes.'5 The spleen will 
usually show massive involvement with 
Gaucher’s cells, with coarse bands of colla- 
gen tissues which may calcify. In the liver, 
Gaucher's cells are found only in the capil- 
laries in infants and children, whereas in 
the adult they are seen also in the portal 
spaces and sinusoids. The deep lymph 
nodes will show infiltration with Gaucher's 
cells and also pigment deposition. 

'The marrow infiltrates of Gaucher's cells 
are usually associated with atrophy of 
marrow cells and fibrosis. The destruction 
of bone as a rule results from multiplication 
of Gaucher's cells packing the intramedul- 
lary spaces, and pressure atrophy and 
ischemic necrosis. The process is slow and 
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appositional bone is laid down on the outer 
cortical surfaces of the involved areas, 
giving them an expansive appearance. 

Thannhauser believes that the disorder is 
due to a defect in the reticular cell enzyme 
system leading to increased synthesis and 
storage of cerebrosides.!^ 

Two cases of Gaucher's disease in sib- 
lings, seen at the Massachusetts General 
Hospital, with an evaluation of the roent- 
genographic bone changes over a 20 year 
Interval are reported. 


REPORT OF CASES 


Case І (M.B.). The diagnosis of Gaucher's 
disease was made in this patient in 1942, and the 
bone changes were followed over a period of 21 
years. The history was obtainable, however, 
over a much longer time. . 

The first admission to the hospital was in 
1932 at the age of 24, because of digestive com- 
plaints of 2 years’ duration. Abnormal findings 
were a peculiar pigmentation of the face and 
ankles and a blood pressure of 145/80; gastric 
analysis showed some hyperacidity; a complete 
gastrointestinal series was negative, as were a 
cholecystogram and chest roentgenogram. Stud- 
ies of the pelvis (not now available) disclosed 
changes in the right hip consistent with “old 
epiphyseal displacement.” 

A history was elicited of recurrent painful 
joint swelling involving primarily the knee, 
ankle, wrist, and phalangeal joints over a 
period of 20 years. All episodes had subsided 
spontaneously. At the age of 11 years, the pa- 
tient had been thought to have had tuberculosis 
of the right hip joint and was treated in a cast. 
for a period of 6 months and considered cured. 

In 1939, the patient was seen with gingival 
bleeding, attributed to dietary restrictions. At 
this time, pigmentation of the ankles and ankle 
edema were noted, and scurvy was suspected. 
Anemia and leukopenia were also detected; the 
anemia was not relieved by iron, but chere was a 
fairly good response to a combination of iron 
and vitamin C, and the gingival bleeding sub- 
sided with large doses of vitamin C, orally and 
parenterally. 

The 1942 admission followed the patient's 
rejection for military service because of ankle 
edema and hepatosplenomegaly. Physical exam- 
ination now showed a yellowish tint to the skin 
and sclerae, gingival recession, caries and 
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pyorrhea, and restriction of hip and ankle mo- 
tion bilaterally. Laboratory findings were: a red 
blood cell count of 4.2 million, hemoglobin 9.8 
gm., and a white blood cell count between 3,000 
and 4,000. Stools were negative and blood 
chemistries including calcium, phosphorus, and 
phosphatase were normal. Gastric analysis 
showed free acid, fasting. 

Roentgenograms of the skeleton disclosed 
flask-shaped deformities of the lower end of the 
femora and destructive changes in the hip 
joints. À gastrointestinal series was negative. 
Sternal biopsy showed Gaucher's cells. 

The patient was re-admitted on July 24, 1963, 
at the age of 55, because of weakness and limi- 
tation of motion in the hip and shoulder Joints. 
In the 21 year interval since previous admission, 
he had worked steadily but suffered increasingly 
severe episodes of arthritis involving primarily 
the hips, knees, ankles, and shoulders; the Joints 
became hard, red, swollen, and painful, but the 
process always subsided spontaneously in a few 
davs to a few weeks. There was, however, a 
progressive limitation of motion of all involved 


lic. 1. Case 1. July 2, 7942: Fusiform expansion of 
distal femora with thinning of cortices, coarsening 
of spongiosa, patchy areas of sclerosis and rarefac- 
tion. Similar changes in proximal tibiae with de- 
pression and sclerosis of medial tibial plateau. 
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Fic. 2. Case 1. July 2, 1942: Mushrooming and de 
struction of femoral heads with irregular pitting of 
subchondral cortices and varus deformity hyper- 
trophic changes. Rarefactions, scleroses, coarsen- 
ing of trabecular structure throughout femora and 
pelvis. 


joints. During the past year the patient had 


taken 20 aspirin tablets a day. His thighs had 
become increasingly weak and he had had to 
resort to the use of a cane for ambulation. For 
9 years, he had been treated for hypertension. 


The blood pressures were between 160/100 and 


180/115. 

On physical examination the skin over the 
head, neck, forearms, and legs was darkly pig- 
mented with swelling and some scaling of the 
ankles. Other observations included bilateral 
pingueculae, brownish discoloration of the 
tongue, increased anteroposterior dimension of 
the chest, normal heart and lungs, hepato- 
splenomegaly with the spleen to the level of the 
iliac crest and liver margin down 8 cm. in the 
mid-clavicular line. There was marked limita- 
tion of motion in the hip, knee, ankle, and 
shoulder joints, as well as forward flexion of the 
spine. 

Laboratory findings were as follows: urine 
negative, hematocrit 38 per cent, white blood 
count 2,300 with normal differential. 
Thrombocy*openia was present. Blood chemis- 
tries were negative except for an albumin-globu. 
lin ratio of 2.1/4.3 and uric acid of 7.0 mg. The 
possibility of gout was entertained. 

The skeletal survey showed changes consis- 
tent with advanced Gaucher’s disease (see 


cell 
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Fic. 3. Case 1. July 2, 1942: Lateral view of the 
thoracic spine. Stature of centra maintained. 
Superior and inferior end-plates irregular; hyper- 
trophic spurring. Diffuse rarefaction with coarse 
trabecular structure. 


Roentgen Findings, below). The patient left the 
hospital against advice. 


Case п (G.B.). In 1942, when a diagnosis 
of Gaucher's disease was made in Case r, the 
older sister had simila7 but less severe joint 
symptoms. Consequently, roentgenograms were 
taken of the sister's pelvis and femora, which 
showed broadening of the femoral heads with 
trumpet-shaped deformities of the distal fe- 
mora, consistent with Gaucher's disease. She 
had also hepatosplenomegaly, skin pigmenta- 
tion, and recurrent gingival bleeding, and com- 
plained of bruising easily and of repeated epi- 
sodes of joint pain. She stated that symptoms 
seemed to be alleviated following ingestion of 
large amounts of orange Juice. 


James A. Rourke and D. James Heslin 
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In 1963, the sister was asked to return for 
follow-up roentgenographic examination, at 
which time she reported that her father had 
died at the age of 52 of pneumonia and her 
mother at the age of 34 of Hodgkin's disease. 
She mentioned that her father and several of 
her cousins on the paternal side of the family 
had a peculiar yellowish discoloration of the 
skin. 


ROENTGEN FINDINGS 


The roentgenographic appearance in 
Gaucher's disease will varv with the age of 
the patient and the degree of skeletal or 
visceral involvement. [n the acute infantile 
form, there are rarelv, if ever, any macro- 
scopic skeletal changes. In the chronic form 
bone changes usually appear in the first or 
second decade of life, although they may be 
delaved until adult life. Depending upon 
the duration of involvement, the earliest 
roentgen changes in the hip joint may be 
those of an aseptic necrosis with typical 
sclerosis, flattening and fragmentation of 
the femoral head! ?^? and, depending upon 
the age of the patient, may be mistaken for 
Legg-Perthes’ disease, traumatic arthritis, 
or slipped capital femoral epiphysis. 

Regardless of the age of the patient, the 
most typical change is the trumpet-shaped 
deformity of the distal femora (the Erlen- 
meyer flask deformity or Fischer’s sign), 
with relatively diffuse rarefaction, with or 
without patchy areas of destruction of 
spongiosa and with or without bone conden- 
sations (Fig. 5 and 14). Similar changes 
may be seen in the proximal tibiae. Our 
Case 1 showed advanced changes in the 
pelvis, hips, distal femora, proximal tibiae, 
even at the age of 24 (Fig. 1 and 2). The 
sister, Case 11, at the age of 28 showed the 
more typical early skeletal changes (Fig. 12 
and I4). 

The roentgenographic appearance is pre- 
dominantly one of radiolucency, although 
sclerosis, due to the formation of reactive 
new bone, 1s common. Bones primarily 
involved are femora, vertebrae, ribs, ster- 
num, and flat bones of the pelvis. The long 
tubular bones of the lower extremities are 
involved more often than those of the upper 
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Fic. 4. Case 1. (4 and B) Fuly 2, 1942: Anteroposterior views of shoulders. Irregular destruction of glenoid 
aspects of humeral heads, more advanced on left, with varus deformity on left, and with extensive patchy 
condensations and rarefactions. Left glenoid fossa involved. (The print of the left shoulder is reversed.) 





| NA Fic. 6. Case I. July 25, 1963: Greater destruction 

— and flattening of femoral heads with marked de- 

Fic. $. Case 1. Yuly 25, 1963: Marked expansion of struction of articular cartilage of hip joints. Bones 
distal femora and proximal tibiae with severe de- extensively rarefied, with large focal areas of de- 
struction of articular cartilage. More extensive struction. Cortices thin but intact. Marked perios- 
rarefaction and sclerotic change; periosteal reac- teal reaction in medial aspect of right femoral 


tion in lateral aspect of distal left femur. neck. 


James A. 





Fic. 7. Case т. April 9, 1904: Thoracolumbar spine. 
Slizht right convex scoliosis of lumbar spine. 
Diffuse demineralization with coarse spongiosa 
and patchy areas of sclerosis. 


extremities. The medullary canals are wid- 
ened, trabeculae are sparse, and the cor- 
tices are thin. In early stages, there 15 no 
epiphyseal destruction, periosteal reaction, 





Fic. 9. Case 1. July 29, 7962: Diminished density of 
skull with faint patchy rarefactions. 
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ог cortical destruction. In addition to thin- 
ning of the cortices, there is loss of defini- 
tion between the cortex and medulla. Ap- 
positional periosteal new bone is laid down 
to provide bone support. Additional peri- 
osteal new bone may be formed as a result 
of subperiosteal hemorrhage, or pathologic 
fracture. It is felt that in many instances 
the typical bone pain is the result of small 
foci of subperiosteal hemorrhage. The 
increased fragility of the involved bones, 
leading to pathologic fractures in child- 
hood, is the result of progressive endosteal 





Fic. 8. Case 1. April 9, 7904: Kyphosis of lower 
thoracic-upper lumber region with slight anterior 
wedging of multiple centra. Marked narrowing of 
multiple intervertebral joints. Hepatospleno- 
megaly. Ribs broadened and rarefied. 
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Fic, то. Case т. (4 and B) July 25, 1963: Anteroposterior views of shoulders. Broadening of subarticular 
surfaces of humeri, with deeper cupping of the left humeral surface. Destruction of joint cartilage on right; 
hypertrophic spurring, more extensive patchy sclerosis on the right, with some confluence of rarefactions 
bilaterally and spotty sclerosis of humeral shafts. More involvement of scapulae. 


erosion with cortical thinning rather than 
due to a deficiency of bone matrix, as there 
is prompt callus formation and early отоп. 

The spine, when involved, usually shows 
diffuse rarefaction with loss of spongiosa 
and reduction of height of the vertebral 
body with or without local condensation 





Fic. тт. Case 1. July 25, 7963: Periosteal reaction in 
tibiae and fibulae producing appositional new bone 
resulting in thickened cortices. Patchy areas of 


destruction of spongiosa. Marked destructive 
joint changes with excavation of tibial and fibular 
subchondral margins and substantial asymmetric 
narrowing of joints. 


and degenerative changes (Fig. 3). Com- 
pression fractures of the vertebral bodies 
may occur Іп advanced stages; however, 
the intervertebral joints are well preserved. 
Gibbus is unusual” unless there has been 
extreme collapse of the centra, but there is 
usually some degree of kyphosis. 

The skull rarely shows a significant de- 





Fic. 12. Case п. July 26, 1942: Anteroposterior 
view of pelvis. Varus deformity, some expansion of 
femoral heads, and some patchy rarefaction with 
coarsening of trabecular pattern. 





Јо. 13. Case п. September 30, 1964: Anteroposterior 
view of pelvis. Narrowing of hip joints with hyper- 
trophic spurring, further expansion of femoral 
heads, patchy areas of sclerosis and rarefaction 
throughout heads and proximal femora. Mottled 
sclerosis contiguous to sacroiliac joints. Osteo- 


penia, confluence of rarefied areas in left greater 


trochanteric region. 


gree of involvement. The shoulder joints 
are commonly involved and frequently 
show marked destruction of the humeral 
heed, as in Case 1 (Fig. 4, Zand B). Sclero- 
ses and rarefactions are frequently seen in 
the pelvis, ribs, sternum, and scapulae. The 
skull and phalanges may be involved quite 
late in the disease process. 

The 2 patients described in this article 





Fic. 14. Case п. September 26, 1942: Expansion of 
distal femoral metaphyses with patchy areas of 
condensation and rarefaction, thinning of cortices. 
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showed roentgenographic skeletal changes 
over a period of 20 to 22 vears. In Case r all 
tvpical changes of Gaucher’s disease were 
observed involving the femora, tibiae, 
pelvis, spine, and shoulder joints. The more 
recent roentgenograms reveal a diffuse dim- 
inution of density of the skull with patchy 
raretactions (Fig. 9). There 1s considerably 
greater destruction and reactional new 
bone in the pelvis (Fig. 6), long bones (Fig. 
5), spine (Fig. 7 and 8), and shoulders (Fig. 
10, 4 and 5); the ankles (Fig. 11) are also 
involved. Case п showed advancement of 
the disease in the femora (Fig. 13), tibiae, 





Case п. September 30, 1964: Configuration 
of distal femora unchanged. Moderate increase in 
number of condensations, accentuated as result of 
osteopenia. 
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and pelvis (Fig. 15), but the changes were 
not nearlv as extensive as in her brother's 
case, and there were no typical alterations 
in the spine, ribs, vertebrae, or skull. 
Occasional reference has been made in 
the literature to extensive rarefaction and 
cyst-like areas of destruction of the mandi- 


ble.*!* In the lateral skull roentgenogram of 


Case 1 in 1942, these changes can be de- 


tected upon close observation. 


DISCUSSION 


No pathognomonic roentgenologic changes 
are found in Gaucher’s disease with macro- 
scopic bone involvement, although the 
almost invariable occurrence of club-shaped 
deformity of the distal femora is of great 
assistance 1n suggesting the diagnosis. 

Aseptic necrosis of the femoral head is 
common and usuallv occurs in pre-adoles- 
cent years. It has been postulated that the 
advanced degenerative changes in the hips 
of adults with Gaucher’s disease are due to 
continued weight-bearing during childhood 
and that, as in Legg-Perthes’ disease, the 
femoral head mav be 
weight-bearing is held in abevance for a 
relatively long time. Our first case, how- 
ever, in which the patient as a child was 
maintained in a cast for 6 months on a 
diagnosis of tuberculosis of the hip, fails to 
support this contention. 

The skeletal changes mav be simulated 
by Coolev's anemia, but in the latter dis- 
ease the outstanding changes are in the 
short tubular bones of the hands and feet.'? 
Sickle-cell anemia would also deserve con- 
sideration. In general, the bone changes in 

that condition resemble those of Coolev's 
anemia, with patchy areas of condensation 
as the result of bone infarction, but there 
may be expansion of the distal femora with 
thinning of the cortices producing the 
typical Erlenmeyer flask deformity indis- 
tinguishable from that of Gaucher's. di- 

sease. Advanced cases of sickle-cell disease 

usually produced marked collapse of verte- 
bral bodies with biconcave configurations, 
whereas, as in Case 1, the stature of the 
centra in Gaucher’s disease is usually fairly 
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well maintained in spite of advanced 
change. Other possible sources of confusion 
are multiple cavernous angiomata affecting 
the bone, as reported by Parsons and 
Ebbs;? the rare instance of Niemann-Pick 
disease with survival into childhood; syphi- 
lis; leukemia; and Hodgkin’s disease. 

Splenomegaly is not necessary for a 
diagnosis of Gaucher’s disease, but, al- 
though the spleen may not be enlarged, 
there usually is extensive splenic infiltra- 
tion with Gaucher’s cells. In the usual case, 
splenic enlargement precedes the bone 
changes,’ and bone pain is the first indica- 
tion of skeletal involvement. Cases have 
been reported, however, in which there 
were typical changes for many vears prior 
to the onset of bone pain.’ Pathologic frac- 
tures may occur in the absence of spleno- 
теоају 

There may be long lapses in clinical 
symptomatology in spite of continuing 
bone changes, but in most instances there is 
progressive and inexorable bone involve- 
ment with relatively persistent clinical 
symptoms and periodic "crises" of bone 
pain and exacerbation of symptoms. 

There 15 no specific therapy for Gaucher's 
disease." Diet has little influence on the 
course, although, as in the present cases, 
massive doses of vitamin C mav be influen- 
tial in preventing some of the hemorrhagi C 
manifestations. Splenectomy тау ђе per- 
formed when the spleen becomes massive 
and causes abdominal discomtort, but the 
usual indication tor so radical a measure is 
correction of hvpersplenism and reversal of 
severe pancvtopenia.? [t would appear 
that splenectomy neither accelerates, pre- 
vents, nor delavs the onset of bone changes. 

Radiation therapy may be applied to an 
uncomfortably enlarging spleen and will 
produce temporary regression in the size of 
the organ and hv persplenic state as well as 
partial or complete alleviation of abdomi- 
nal discomfort. Radiation therapy has also 
been emploved in treatment of the bone 
lesions with mitigation of symptoms for 
variable periods; it probably should be 
applied to localized areas in which there is 
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extensive skeletal destruction associated 
with unremitting bone pain.® 


SUMMARY 


Gaucher’s disease is an uncommon meta- 
bolic disturbance characterized by abnor- 
mal deposition of cerebrosides in the reticu- 
loendothelial system. The proliferating cell 
mass is responsible for the visceral and 
skeletal changes. The condition may be 
detected at any age. When it develops in 
infancy, the course is malignant and char- 
acterized by neurologic abnormalities. In 
the chronic form, the condition is compati- 
ble with relatively long life. Roentgeno- 
graphic bone manifestations, particularly a 
club-shaped deformity of the distal femora, 
although not pathognomonic, may be 
suggestive of the disease. The only positive 
method of diagnosis is biopsy of involved 
structures, with a finding of the character- 
istic Gaucher’s cell. 


James A. Rourke, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston 14, Massachusetts 
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NODULAR RHEUMATOID VERTEBRAL LESIONS 
VERSUS 
ANKYLOSING SPONDYLITIS* 


By А. GLAY, M.D., 


NVOLVEMENT of the vertebral bodies 
bv rheumatoid nodules 1s a rare occur- 
rence. Baggenstoss ef a/.' in 1952 reported 4 
cases of destructive vertebral lesions in 
patients with rheumatoid disease, but 
granulomatous rheumatoid nodules were 
found in the vertebrae (T12 and L3) in 
only 1 of these, whereas the other 3 cases 
were patients with ankylosing spondylitis. 
Lorber e£ al}? reported an autopsied case in 
1961 with rheumatoid nodules in the verte- 
bral bodies (T7 and T8) and 2 other cases 
with peripheral Joint involvement in which 
the roentgenograms demonstrated wedging 
of the vertebral bodies from Т5 to Tg. Ina 
studv of the vertebral lesions in rheumatoid 
diseases, Seaman and Wells" described 2 
cases of long standing peripheral rheuma- 
toid arthritis in which roentgenograms 
showed destructive vertebral lesions of a 
суре different from those found in the 11 
cases of ankvlosing spondylitis included in 
their study. 

Thus, a review of literature disclosed < 
cases of peripheral rheumatoid arthritis 
associated with destructive disko-vertebral 
lesions. 

To these, we should like to add 3 cases 
from our d c All 3 had long lasting 
peripheral rheumatoid arthritis and during 
the course of their illness developed de- 
structive vertebral lesions. The one patient 
who died was found to have rheumatoid 
nodules in the vertebrae. The other 2 pa- 
tients are alive, but their clinical histories 
and roentgenographic findings are so simi- 
lar to the autopsied case that 1t appeared 
worthwhile to report them in the same 
paper. 


* From the Departments of Radiology t and Pathology 
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MONTREAL, 


ER.C.PA(C)t 
QUEBEC 
REPORT OF CASES 

Case 1. A 73 year old widow in previously 
good health had a rather sudden onset of rheu- 
matoid arthritis, severe and progressive enough 
that she was treated with cortisone. Three years 
later a fracture of the left femoral neck was 
repaired by insertion of a Smith-Petersen nail. 
At that time, clinical examination disclosed in- 
volvement of elbows, wrists, hands, knees, and 
feet by rheumatoid arthritis. Another three 
years later (age 79) she was re-admitted be- 
cause of severe back and left abdominal pain of 
3 months' duration. The pains became worse 6 
weeks prior to admission following a fall; lying 
down relieved the pain to some extent, but 
never completely. The patient had lost 3o 
pounds in weight during her prolonged illness 
and was emaciated and weak. 

Physical examination. disclosed advanced 
deformities of the peripher al joints. Large 
nodules were palpable in both buttocks. (One 
of these was removed and showed the histologic 
structure of a typical rheumatoid nodule.) The 
blood pressure was 110/60 and pulse 72/min. 
The white blood cell count was 7,450 with nor- 
mal differential and the hematocrit 36 per cent. 
The serum protein was §.3 gm. Blood serology 
was negative. 

Roentgenograms revealed destructive lesions 
of both acromioclavicular joints (Fig. 1). Those 
of the thoracolumbar spine (Fig. 2 and 3) 
showed col:apse of T12, L2 and L3. She expired 
after a short stay in hospital, 

At autopsy, the following were the pertinent 
gross findings: deformity of the fingers of both 
hands was present with ulnar deviation, fibrous 
ankylosis, and muscle wasting. Rubbery mov- 
able nodules, varying in size from 1.0 to 3.0 ст., 
were found over the left wrist, right olecranon, 
and sternoclavicular joints. There was collapse 
of the bodies of T12 and L3 vertebrae. Section. 
ing of these showed a grayish amorphous tissue 
replacing the normal cancellous structure. This 
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Itc. І. Case 1. Posteroanterior roentgenogram show- 
ing destructive rheumatoid arthritis involving the 
acromioclavicular joints. 


tissue blended with the superior end plate and 
intervertebral disk. The periosteum was thick- 
ened over T12 and the upper lumbar vertebrae. 

Histologic examination revealed amyloid de- 
posit in the follicles of the spleen, glomerular 
capillaries, and adrenal cortex. The subcutane- 





of lumbar 


Fic. 2. Case І. Lateral roentgenogram 
spine shows collapse of T 12, L2 and L3. Note the 
concavity of the superior end plates of the in- 
volved lumbar vertebrae and the absence of syn- 
desmophytes. 
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ous nodules consisted of central homogeneous 
eosinophilic areas with some calcification and 
palisading histiocytes at the periphery. Sections 
of the involved vertebrae showed destruction of 
the bone spicula and replacement of the marrow 
by granulation tissue, revealing extensive areas 
of confluent hyaline change with necrosis and 
cavity formation (Fig. 4). At the periphery of 
these cavities, there was a proliferation of pali- 
sading histiocytes and giant cells (Fig. 5). 
Between the nodules, scar tissue with round cell 
infiltration was present and in this the blood 
vessels showed thickening by hyalinization, 
intimal proliferation, and thrombosis. The 
medullary cavity adjacent to the granulomata 
showed thin, widely spaced spicula and mucoid 
transformation of the marrow (Fig. 6). 


Case rr. R.J., а 67 year old white male, was 
first admitted to St. Mary's Hospital in 1963 for 
evaluation. Rheumatoid arthritis had begun 5o 
years before with initial involvement of the 
wrist joints and then steady progression to 
most other peripheral joints. Steroid therapy 
had been given since 1949 with but little effect 
on the relentless progress of the disease. He had 
led a bed- wheel-chair existence for the то years 
before admission. 





Fic. 5. Case 1. Close-up of T12. Note the granular 
pattern of the vertebral body and the opaque 
layer along the superior end plate. 
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ic. 4. Case т. The granulation tissue with central cavity formation encroaches upon the bone spicula and 
replaces the marrow. There is scarring at the periphery with diffuse round cell infiltration (H&E X 59). 


Physical examination revealed widespread 
joint deformities involving all 4 limbs. The 
hemoglobin was 12.4 gm. and the erythrocyte 
sedimentation rate 115 mm./per hr. The latex 
fixation test was negative. Roentgenograms of 
the thoracolumbar spine disclosed diffuse osteo- 
porosis, bilateral protrusio acetabuli, and col- 
lapsed vertebrae (Fig. 7 and 8). 

Case rir. S.H., а 58 year old white woman, 
had progressive rheumatoid arthritis with de- 
formities of 10 years’ duration. The disease had 
been resistant to all forms of treatment, includ- 
ing corticosteroids. During her admission in 
1964, the hemoglobin was 16.8 gm., white blood 
cell count 19,250, and the sedimentation rate 15 
mm. (Westergreen). The latex fixation test was 
positive. Roentgenograms showed diffuse osteo- 
porosis, bilateral protrusion of the acetabula, 
and a pathologic fracture of the left femur (Fig. 
9). Roentgenograms of the spine (Fig. 10 and 
11) disclosed a degree of collapse of the bodies 
of Tg-T 12 апа L2-Ls. 


DISCUSSION 


In the reviewed articles,!"'* cases of 
ankylosing spondylitis and cases of destruc- 
tive vertebral lesions produced by rheuma- 
toid nodules were considered together 
under the same heading. The latter tvpe of 
lesions, we would like to suggest, should be 
separated from ankylosing spondylitis. 
There is still controversy as to whether 
peripheral rheumatoid arthritis and anky- 
losing spondylitis are different expressions 
of the same basic disease process or com- 
pletely different entities.? Recent studies 
indicate that the history, heredity pat- 
tern,™! serologic findings and morphology 
of the two diseases are different.^* Roent- 
genologic findings would also be more in 
keeping with the latter view.” 

Almost invariably, ankylosing spondyli- 
tis begins in the sacroiliac joints which, in 
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the course of the disease, become fused. 
From here, the process gradually makes its 
way cephalad. It is essentially an inflam- 
matory lesion of the small intervertebral 
joints. This is followed closely by a process 
of repair manifested by fibrosis and anky- 
losis. The classic picture of fusion of the 
sacroiliac joints, squaring of the vertebral 
bodies, and the bamboo appearance of the 
spine due to syndesmophy tosis are too well 
known to merit more than passing mention 
here. That ankylosing spondylitis may be 
associated with destructive disko-vertebral 
lesions has been amply demonstrated. +" 
91,7518 The destructive process affects 
primarily the articular apparatus, and 
secondarilv, involves the bone of the articu- 
lar process or the vertebral body in the 
immediate vicinity of the disk or joint 
alteration. Thus, ankylosing spondylitis 1s 
primarily a disease of the intervertebral 
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joints without specific lesions of the cancel- 
lous bone or bone marrow. 

In the cases in which rheumatoid granu- 
lomas were found in the vertebrae, the 
process involved the vertebral body with- 
out primary relation to the joint. The 
granulomas destroyed the trabeculae of the 
cancellous bone, extended to the end plates, 
and led to destruction of the bone and 
intervertebral disks. Grossly, the granulo- 
mas appeared as white grayish nodules. As 
a result of growth, coalescence and necrosis 
of these nodules, the spicula of the vertebral 
body were replaced and destroved, leading 
to weakening of the bonv structure, and 
finally, collapse of the vertebral body (un- 
der influence of gravity and muscle pull). In 
this context the lesions produced in the 
vertebrae bv rheumatoid nodules could be 
regarded as spondvlitis, analagous to the 
spondylitis associated with infectious dis- 





Fic. 5. Case 1. Palisading histiocytes around foci of hyaline necrosis (H&E X 129). 





E. Abe И 
я 
А. OUT. » а 4 ^ 
oe д i 
~" .. 
ONE Ke и 
, 
* CASO ' 1 a 
e V's oe. 
tJ ag 
ЕР м5 4 - 


‘ ^ > 
> 4 ха teen J 
> 
à 


41 


on 
~ 
by > 
- 
3 
^ 2 Ват 


Fig. 6. Case т. Osteoporosis close to the collapsed vertebral body (H&E X 56). 


eases produced by tuberculosis, brucello- 
sis, salmonella, or pyogenic cocci. It might 
conceivablv be termed nodular or granulo- 
matous spondvlitis accompanying rheuma- 
toid arthritis. 

In cases of peripheral rheumatoid arthri- 
tis, the diffuse osteoporosis usually found in 
the bones adjacent to involved joints may 
also be found in the spine. Roentgeno- 
graphically, the involved vertebrae have a 
ground-glass appearance with poor defini- 
tion of the trabeculation. Occasionally, the 
cancellous structure shows a fine stippled 
and granular pattern (Fig. 3). In some 
vertebrae, subchondral bands of increased 
density are seen. They are mostly located 
below the superior end plate (Fig. 3 and 8). 
Usuallv, several vertebrae are involved. 
The degree of destruction and collapse of 
the vertebral bodies varies; there may be 


onlv slight depression of one or both end 
plates (Fig. 11), or the body may be re- 
duced in height to as little as one-fourth of 
normal (Fig. 8). The latter may produce à 
gibbus deformity. The anterior portion of 
the collapsed vertebra can project forward 
partially (Fig. 11), or totally (Fig. 10). The 
body may become wedge-shaped (Fig. 8 
and 10), or assume the shape of a biconcave 
lens (Fig. 3). Against the background of the 
osteoporotic vertebral bodv, the end plates 
stand out as fine pencilled lines of increased 
densitv. Depending upon the degree of 
destruction, the vertebral surfaces will be 
either depressed or irregularly indented 
(Fig. 8). As a rule, there are no syndesmo- 
phytes. Osteophytic spurs are not a part of 
the picture unless there 1s superimposed 
degenerative change. The pedicles, neural 
arches, articular processes, and apophvses 
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Hic. 8. Case п. Close-up of lateral thoracolumbar 
spine roentgenogram showing marked collapse of 
Ti2 and Li with gibbus formation. Irregular de- 
pression of superior end plate of T12 and smooth 
concavity of Li. Anterior projection of the col- 
lapsed vertebrae. 


A. Glay and G. Rona 


Јоту, 1965 
Fic. 7. Case п. Anteroposterior roentgenogram of 


lumbar spine and pelvis. The sacroiliac joints re- 
main open. Bilateral protrusio acetabuli. 








show no evidence of destruction. The disk 
spaces are preserved and mav be of normal 
width or expanded, depending on the de- 


gree of collapse of the bodies. The sacroiliac 


joints remain open. Finallv. there are no 
* 73 


fusiform paravertebral soft tissue shadows 
to suggest abscess formation. Any vertebra 
may be involved, but the lesions occur most 
frequently at the thoracolumbar junction. 

The roentgen appearance of this type of 
destructive lesion is so strikingly different 
from that seen in ankylosing spondvlitis 
that the two conditions should hardly be 
considered together in the differential diag- 
nosis. On the other hand, any vertebral 
lesion associated with collapse of the verte- 
bral bodies may pose differential diagnostic 
problems. Traumatic vertebral lesions are 
separated by the history and the normal 
structure of the vertebra. Eosinophilic 
granuloma, the substratum of vertebra 
plana, occurs in much younger patients. 
Here again, generalized osteoporosis is not 





l'1G. 9. Case ш. Anteroposterior roentgenogram of 
the pelvis showing diffuse osteoporosis, bilateral 
protrusio acetabuli and spontaneous fracture of 
the left femur. 
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present. Infectious spondylitis produces 
destruction of the disk and may be compli- 
cated by formation of abscesses. Primary 
(plasmacytoma) or secondary tumors (car- 
cinoma, lymphoma) may be more difficult 
to eliminate. The demonstration of foci of 
destruction in other skeletal segments or of 
the primary lesion will facilitate the diag- 
nosis. 

Senile osteoporosis, Cushing’s disease, 
and corticosteroid therapy may create 
diagnostic difficulties. However, late asso- 
ciation of destructive vertebral changes ina 
known case of peripheral rheumatoid arth- 
ritis is strongly suggestive of nodular rheu- 
matoid vertebral lesion, and, in doubtful 
cases, biopsy will assist in establishing the 
correct diagnosis. 


j 





—— ~ 


Fic. 11. Case т. Lateral roentgenogram of the 
lumbar spine showing partial collapse of L2—-Ls 
and concavity of superior end plates. 


SUMMARY 


Granulomatous rheumatoid spondylitis 
is defined by the presence of rheumatoid 
nodules in the marrow of vertebral bodies. 
The process leads to necrosis of the bone 
substance and collapse of the vertebral 
bodies. Three such cases, including one 
with autopsy findings, are reported to- 
gether with a review of the literature. The 
striking differences in the roentgen appear- 
ance and the clinical behavior of rheuma- 
toid nodular and ankylosing spondvlitis 
indicate that the two diseases are different 
entities. 

The differential roentgen diagnosis of 
collapsed vertebrae produced by granulo- 
matous rheumatoid lesions and other mor- 
bid processes 1s briefly discussed. 





Frc. то. Case ш. Lateral roentgenogram of the А. Glay, M.D. 
thoracic spine showing diffuse osteoporosis and Department of Radiology 
variable collapse of the vertebral bodies at Tg- St. Mary's Hospital 
T12. Note irregularities of the end plates and 3830 Lacombe Avenue 
anterior projection of TTI. Montreal 26, Quebec, Canada 
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POSTERIOR DISLOCATION OF THE SHOULDER* 


By J. Н. ARNDT, M.D., 


DA L L A Sy 


NE hundred and twenty-three vears 
after Sir Astley Cooper's? optimistic 

Оо ‘It is an accident which can- 
not be mistaken...,” half or more of 
posterior dislocations of the shoulder cases 
are missed or misdiagnosed. In 3 of the 
larger modern series, the correct diagnosis 
was made initially in but 18 of со cases 
reported, In the remainder, there wasa 
delav of days, months, or vears before the 
diagnosis was made. McLaughlin? de- 
scribed 13 cases that were unrecognized for 
an average period of 8 months before the 
correct diagnosis was made. Delaved or 
inappropriate treatment results in unneces- 
загу morbidity and continuing damage to 
the joint structures. Early diagnosis of the 
posterior dislocation may obviate a surgical 
rep: ür, frequently required for the neglected 
injury ae 

The frequency with which this diagnosis 
is missed is largely the result of 4 factors: 
(1) the injury is rare, accounting for only 
2—4 per cent of all shoulder dislocations 3!" 
(2) the appearance of the anteroposterior 
roentgenogram тау be deceptively normal; 
(3) the clinical findings may be subtle, 
obscured by soft tissue injury or simulate 
the much more common condition termed 
“frozen shoulder" or "periarthritis; + 
10.13.17 and (4) various fractures may accom- 
pany a posterior dislocation, and the pa- 
tients symptoms may be attributed to 
these by the unwary physician. 53613 

Our interest in acute traumatic posterior 
dislocation of the humerus was stimulated 
when 2 such cases were seen within a то day 
period. À search of hospital records pro- 
duced a third case. A fourth case was gra- 
ciously provided by the Radiology Depart- 
ment of Methodist Hospital of Dallas, 
Texas. 


Unlike anterior or inferior dislocations, 


and А. D. SEARS, М.р, 


TEXAS 


ANTERIOR 









ARTICULAR 
SURFACE 


POSTERIOR 


Fic. 1. Notching of the humeral head obscures the 
rim sign, The sketch illustrates a posteriorly dis- 
located and notched humerus as seen from above. 
The defect between the lesser tuberosity (Е71,) 


and the articular surface is produced by the ridge у 
posterior glenoid rim, which it straddles. 1f th 
groove is deep enough, the rim sign will E m 


obliterated. Notching accounted for all but 4 of 
the false negative rim signs encountered in the re- 
viewed case material (see text). 


approximately one-half of the cases of 
posterior dislocation of the humerus result 
from convulsive episodes. The re- 
mainder are produced bv a direct blow to 
the anterior surface of the humeral head or 
à force transmitted along a flexed, adducted 
and internally rotated humerus. The dis- 
placed articular surface of the humeral 
head comes to rest behind the glenoid, 
facing posteriorly. The humerus 15 then 
locked in internal rotation. The soft ante- 
rior surface of the anatomic neck hinges on 
the posterior rim of the glenoid (Fig. 1). 
Compression fracture with flattening of 
this nonarticular surface frequently occurs 
during the dislocation (Fig. 3; and 4 2). 
If the dislocation is unrecognized or 
mistakenly treated as a “frozen shoulder," 
the hard posterior glenoid rim eventually 


* From the Department of Radiology, Baylor University Medical Center, Dallas, Texas. 
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Case 1. Positive rim sign. (4) The humerus is in internal rotation, yet the space between the medial 


margin of the humeral head and the anterior rim of the glenoid fossa (=>) measured 11 mm. (В) Trans- 
thoracic lateral roentgenogram. Rounded articular surface of humerus faces posteriorly and does not en- 
gage the glenoid fossa (dotted oval). Apex of scapulohumeral arch is narrowed (arrows). Compare with 


Figure 48. 


erodes a deep notch in the humeral head 
[Eig T 994r "Ens notch: тпау -also be 
produced during the initial injurv, particu- 
larly if there 1s a direct blow to the head of 
the humerus. Whatever its cause, the notch 





Positive rim sign. The joint space 


Case п. 
measured 13 mm. (<>). Compression fracture of 
internally rotated. humeral head evidenced by 
flattening of medial profile and dense zone of com- 
pressed spongy bone (arrows). 


Pic, 3, 


obscures helpful diagnostic features on the 
anteroposterior roentgenogram. 

Once considered, a posteriorly displaced 
humerus may be readily demonstrated on 
transthoracic lateral or transaxillary (verti- 
cal) roentgenograms. Stereoscopic studies 
have been utilized with variable success 
because the posterior displacement of the 
humerus is usually slight. Since few de- 
partments obtain these views in every case 
of shoulder pathology, an evaluation of the 
clues provided by the anteroposterior 
roentgenogram seems worthwhile. 

A similar and striking abnormality was 
observed on the anteroposterior roentgeno- 
gram of our 4 cases. There was an apparent 
increase in the space between the anterior 
rim of the glenoid fossa and the medial 
aspect of the humeral head (Fig. 2 through 
5, inclusive). These spaces measured 11, 11, 
I2, and 13 mm., respectively. We have 
termed this widened appearance a “‘posi- 
tive rim sign." It may be present in pos- 
terior dislocation because the normal glen- 
oid fossa faces as much anteriorly as it does 
laterally.’ Since the dislocated humeral 
head rests against the posterior glenoid 
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Dislocation of the Shoulder 
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ic. 4. Саѕети. (4) Positive rim sign. Joint space (<>) measured 12 mm. Compression fracture of internally 
rotated humeral head (arrows) is evident. (8) Postreduction transthoracic lateral roentgenogram dem- 
onstrates the restored glenohumeral relationship and the normal broad scapulohumeral arch. Compare 


with Figure 28. 


rim, the space between the anterior rim and 
the head appears increased. 

Measurement of the Joint space on the 
anteroposterior roentgenogram (36-40 
inches target film distance) of 100 normal 
shoulders revealed that these may vary 
from less than o to a maximum of 6 mm., 
depending upon the degree of rotation of 
the humerus (Fig. 6, 4, B and C). Children 
with incompletely ossified epiphyses were 
excluded. When the humerus is in extreme 
internal rotation, the lesser tuberosity over- 
laps the anterior rim of the glenoid and the 
space 1s less than 6 mm. (Fig. 6C). Since 
the posteriorly dislocated humerus is usu- 
ally held in marked internal rotation, a 
measurement of more than 6 mm. is signifi- 
cant. 


MATERIAL 


In order to determine the frequency and 
reliability of the “rim sign,” the antero- 
posterior roentgenograms of 48 reported 
cases of posterior dislocation of the shoul- 
der were reviewed. Selection was random, 
the only requirement being a reasonably 
adequate reproduction of the anteroposte- 
rior roentgenogram. Only those cases in 


which the space between the anterior rim of 
the glenoid fossa and the medial margin of 
the humerus was obviously widened were 
considered to have a "positive rim sign." 


RESULTS 


The rim sign was positive in all 4 of our 





Case Iv. Positive rim sign. Joint space (<>) 
measured r1 mm. No compression of humeral head 
is seen. Compare with Figure 6, 5 and C. 


Fic. 5. 
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Fic. 6. Normal shoulder with humerus in (4) external rotation, (В) moderate internal and (C) marked inter- 
nal rotation. Note the relationship of the medial profile of the humeral head and the anterior rim of the 
glenoid fossa (dotted line) as the degree of internal rotation is increased. In the normal shoulder the sep- 
aration of these two surfaces is never more than 6 mm. regardless of rotation or projection. 


cases. In Case 1, the dislocation was unsus- 
pected clinically. The sign was considered 
pos: tive in 31 of the 49 roentgenograms 
reviewed in the literature (64.6 per cent). 
[n to of the cases misdiagnosed at the time 
of injury, a positive rim sign was evident. 

Since a positive rim sign is the result of 
lateral displacement of the humeral head, 
any mass or fluid accumulation within the 
shoulder joint can produce this appearance. 
Ligamentous laxity, as seen in flaccid pa- 
ralvsis, can also widen the joint space. In 
such cases, malrotation of the humerus 
would not be expected. 

Conversely, a positive rim sign could be 
obscured by poor centering of the roentgen 
beam or by rolling the supine patient into a 
posterior oblique position. Since ablation of 
the sign by the latter mechanism would 
require that the injured shoulder ђе 
"down," this possibility seems unlikely. 
Variation in projection was not considered 
a significant factor in any of the cases 
reviewed. 

False negative rim signs were present in 
17 cases (35.4 per cent). In 4 of these there 


was exaggerated medial displacement of the 
humeral head, secondary to comminuted 
fracture of the head or neck. This “‘exces- 
sive overlap” should lead one to suspect a 
concomitant dislocation. In the remaining 
13 cases, notching of the humeral head by 
the glenoid lip obscured the rim sign (Fig. 
1). It was not possible to ascertain whether 
the notching oecurred during the initial 
injury or resulted from trauma associated 
with the unrecognized dislocation. In 7 
instances, however, there was a delay in 
diagnosis of from 2 days to 6 months. The 
interval between injury and diagnosis was 
not given in the other 6 cases. 

[t is, therefore, probable that roentgeno- 
grams obtained at the time of injury are 
most likely to demonstrate a positive rim 
sign. The longer the interval between 1п- 
jury and roentgenography, the less helpful 
the sign 15 likely to be. 


OTHER ROENTGEN MANIFESTATIONS 


Previously described anteroposterior 
roentgen manifestations of posterior dis- 
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location of the humerus were also evaluated 
and include the following: 

Absence of a Half-Moon Overlap. 
Bonadeo? was the first to observe an ab- 
sence of the shadow formed by the overlap 
of the humerus and the posterior rim of the 
glenoid. This was reafirmed by Nobel" 
who stated, “Normally 
the head of the humerus overlaps the 
glenoid fossa to form a shadow shaped like 
a half-moon which reaches down to the in- 
ferior border of the fossa. In posterior dis- 
location this half-moon shadow тау dis- 
appear, and the lower part of the glenoid 
fossa may be empty.” (Normal half-moon 
overlap is seen in figure 6.7.) Subsequent 
authors have expressed doubt about the 
reliabilitv of this observation since overlap 
тау be present with a dislocated humerus, 
or absent 1n a normal shoulder depending 
on projection} 

In 16 of the 48 cases of dislocation re- 
viewed, overlap was absent. The rim sign 
was also positive. In the remaining 32 cases 
a normal or diminished overlap was pres- 
ent. In 14 of this group, the rim sign was 
considered positive. Both the rim sign and 
the absence of overlap are obviously based 
on the same phenomenon. It is our feeling 
that the rim sign is more eve-catching, and, 
since actual measurements тау be made, 
will better lend itself to objective inter- 





pretation. 
2. Felpeau or “Revers?” Felpeau Posi- 
Hon. The humeral head may be higher 


(Velpeau position) or lower than normal 
("reverse" Velpeau position) in its relation- 
ship to the glenoid fossa." A NR 
position was evident in 14 cases and i 
"reverse" Velpeau position in 7 of the 48 
cases reviewed. It should be noted that a 
Velpeau position may be present in normal 
MEUS 5 
Internal Rotation. ‘The posteriorly 

a humeral head is usually held in 
internal rotation. In 7 of the cases reviewed, 
it appeared to be in a neutral position. ЈЕ 
the humerus appears to be externally ro- 
tated, a traumatic posterior dislocation 
mav be excluded. 

4. Flattening of the Medial Aspect of the 


Dislocation of the Shou der 


z, the medial part of 
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Humeral Head. This defect was observed in 
22 of the 48 roentgenographic reproduc- 
tions studied as well as in 2 of our cases 
(Fig. 3; and 4.7). McLaughlin? feels that 
this re presents а true compression fracture 
of the anterior surface of the humerus 

which presents as the medial profile because 
of marked internal rotation. He cautions 
against attributing the patient's sv mptoms 
to this ‘relatively insignificant injury.’ 

. Linear Fractures of the Humeral Head. 
TA dislocation of the shoulder was 
associated with a major fracture in 10 
instances. In 7 of the 10, the diagnosis of 
the dislocation was delayed. Axillary or 
transthoracic views were not obtained 
initially. 

Diagnostic Accuracy. Twenty-nine of the 
48 cases studied presumably presented 
diagnostic problems. The dislocation. was 
not detected at the time of injury in 21 (72 
per cent; of these. Seven additional cases 
were chronic recurrent dislocations and 
presented no diagnostic problem. The 


diagnostic accuracy was not recorded 
i 


REPORT OF CASES 


Case 1. J. K.G., а 52 year old female, leaned 
forward ot. her outstretched arm while garden- 
ing and felt her left shoulder "pop out." She 
had experienced several similar episodes in the 
past. Physical examination revealed pain upon 
motion of the arm and a depression of the soft 
tissue contour of the anterior surface of the 
shoulder. Anteroposterior roentgenograms dem- 
onstrated a positive rim sign. Transthoracic 
lateral views revealed loss of the normal arch 
formed by the humerus and scapula (Fig. 2, .7 


and В). 


Case n. C.AS., a 56 year old female, sus- 
tained spine and rib fractures, cerebral con- 
cussion and pulmonary contusion in an auto- 
mobile accident. She complained of pain upon 
motion o^ the left shoulder . Anteroposterior 
roentgenograms revealed a Cour ession frac- 
ture of the medial surface of the humeral head 
and a positive e rim sign (Fig. 3). Transthoracic 
lateral views (not reproduced) confirmed a 
posterior dislocation. Reduction was delayed 


* A detailed report of the individual case analyses may be ob- 
tained from the authors on request. 
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until the patient could tolerate a general 
anesthesia. One week after injury, successful 
closed manipulation was accomplished. Re- 
dislocation could be produced by internal 
rotation. 


Case ш. L.N., а 42 year old female, com- 
plained of pain and limitation of motion of the 
right shoulder following an automobile acci- 
dent. A posterior dislocation was suspected 
clinically and confirmed roentgenographically. 
A positive rim sign was evident on the antero- 
posterior view (Fig, 44). A transthoracic lateral 
view demonstrated a loss of the humeroscapular 
arch but was not of sufficient technical quality 
for reproduction. The postreduction trans- 
thoracic view is included for comparison (Fig. 


4B). 


Case ІУ. J.C.D., а 34 year old male, sustained 
fractures of the mandible and patella in an 
automobile accident. A hematoma over the 
right shoulder and limitation of motion of the 
arm were noted, An anteroposterior roentgeno- 
gram demonstrated a positive rim sign (Fig. 5). 
No other views were obtained. During manip- 
ulation under anesthesia the “head was felt to 
slip back into the glenoid fossa." 


SUMMARY AND CONCLUSIONS 


Posterior dislocation of the shoulder is a 
rare injury, missed or misdiagnosed in over 
one-half of the cases reviewed. This is 
partly accounted for by reliance upon 
anteroposterior roentgenograms for detec- 
tion of shoulder pathology. 

In the normal adult shoulder, the mea- 
surement on roentgenograms of the joint 
space does not exceed 6 mm., regardless of 
projection. An apparent increase in the 
width of this space has been termed a 
"positive rim sign." We have found it a 
useful sign of posterior dislocation. All 4 of 
the cases reported demonstrated a positive 
rim sign. The joint space measurements 
were 11, II, 12, and 13 mm., respectively. 

The rim sign was positive in 64.6 per cent 
of cases reviewed from the literature. It is 
probable that it is positive in an even 
greater percentage of acute dislocations. In 
the neglected injury, however, and in those 
cases associated with comminuted frac- 
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tures of the humeral head-neck region, the 
sign is of less value. Axillary or transtho- 
racic lateral roentgenograms should be 
obtained in all cases in which there 1s un- 
certainty as to the glenohumeral relation- 
ship. 


Jerome H. Arndt, M.D. 

St. Paul Hospital 

5909 Harry Hines Boulevard 
Dallas, Texas 
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BAKER’S CYST AND THE NORMAL GASTROCNEMIO- 
SEMIMEMBRANOSUS BURSA 


By JOHN L. DOPPMAN, M.D.* 


| BETHESDA, MARYLAND 


ЈА cyst is a firm fluid-filled 
mass presenting at the back of the 
knee. Adams! first described the entity in 
1840, referring to it as ‘““dropsy of the knee." 
Baker? in 1877 presented 1o cases, noted 
the frequent association of popliteal cysts 
with intrinsic pathology of the knee joint, 
and contributed his name as the most en- 
during and widely used of many eponyms. 
The initial symptom is usually one of pain- 
less swelling behind the knee: occasionally 
mild aching and stiffness of the joint are 
associated. Clinical examination reveals a 
tense cystic mass best palpated with the 
knee fully extended and usually presenting 
on the medial aspect of the flexor surface of 
the knee just below the transverse crease. 
Treatment, if symptomatic, involves exci- 
sion of the cyst with particular attention to 
closing any communication between the 
popliteal cyst and the knee joint space 
proper. 

Roentgenography has little to offer the 
clinician in the diagnosis of popliteal cysts, 
and only a single reference to this subject in 
the American radiologic literature of the 
past 20 years could be found. Kuhn and 
Hemphill? described the plain roentgen 
findings of a soft tissue swelling behind the 
knee and by pneumoarthrography demon- 
strated several air containing popliteal 
cysts posterior to and communicating with 
the knee joint. In the course of cineroent- 
genographic studies of knee joint motion 
following routine arthrography, the author 
has demonstrated similar cysts in approxi- 
mately бо per cent of persons without 
clinical evidence of Baker's cysts. The 
possibility of confusing these apparently 
normal communicating bursae with popli- 
teal cysts has prompted the following pre- 
sentation. Ín addition, some observations 


on the hydrodynamics of joint fluid during 
knee flexion and extension are discussed. 


ANATOMY 


Wilson e al. described 6 primary bursae 
behind the knee. The only posterior bursa 
consistently communicating with the knee 
joint lies between the medial head of the 
gastrocnemius and the semimembranosus 
muscles. This bursa, referred to as the gas- 
trochemio-semimembranosus bursa (G-S 
bursa), was found to communicate with the 
knee joint space in 17 out of 30 cadaver 
dissections. Of the multiple bursae about 
the knee, only 2, the suprapatellar (100 per 
cent) and the gastrocnemio-semimembra- . 
nosus (about 50 per cent) consistently com- 
municate. The neck of the G-S bursa enters 
the upper posteromedial corner of the knee 
joint space opposite the posterior articular 
surface of the medial femoral condyle. The 
wall of the bursa consists of fibrous tissue 
lined with synovia continuous with the 
synovial membrane of the knee joint. 

Although some authors*)5 attempt to 
subdivide popliteal cysts into (1) hernias of 
the posterior joint capsule and (2) abnor- 
mally distended communicating posterior 
bursae, most authorities? #48 support the 
latter theory and define Baker's cyst as an 
abnormal distention of the gastrocnemio- 
semimembranosus bursa with or without a 
demonstrable knee joint communication. 
Burleson e 413 demonstrated such a com- 
munication in бо out of 83 surgically ex- 
cised cysts (65 per cent); Gristina and 
Wilson? showed a similar incidence of com- 
munication in a series of go operated cases. 


ROENTGENOGRAPHIC FINDINGS 


In a cineroentgenographic study of knee 
Joint motion following routine arthrogra- 


* Now at Department of Radiology, Hospital of St. Raphael, New Haven, Connecticut. 
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phy, filling of the G-S bursa was noted in 
about go per cent of cases when the knee 
was sharplv flexed. Although none of these 
patients had clinically evident Baker's 
cvsts, the size of the distended G-S bursa 
was often striking (Fig. 1). Such filling on 
flexion appeared to involve 2 processes: (1) 
the relaxation and opening of the neck of 
the bursa as the enclosing gastrocnemius 
and semimembranosus tendons slackened 
with knee flexion; and (2) the compression 
of the suprapatellar bursa between the 
quadriceps tendon and the anterior surface 
of the lower femur, forcing Joint fluid (or 
contrast agent) into the posterior compart- 
ment of the knee and out into the G-S 
bursa (Fig. 2, 4 and 8). When no commu- 
nication between the knee joint and the G-S 
bursa exists (about 50 per cent of our 
cases), the entire posterior joint compart- 
ment bulges (Fig. 3, 4 and В). This see-saw 
movement of joint fluid on knee flexion and 
extension is dramatically demonstrated on 
cine studies with the G-S bursa often ap- 
pearing to “рор open” as increasing flexion 
compresses and empties the suprapatellar 
bursa. This squeezing of the suprapatellar 
bursa between the quadriceps muscle and 
the femoral shatt during flexion is probably 
а more important mechanism than the 
relaxation of the hamstring tendons. This 
was demonstrated by contrast filling of the 
knee joint of a mid-thigh amputation speci- 
men. Since the quadriceps group was not 
proximally anchored, sharp flexion of the 
knee caused no compression of the supra- 
patellar bursa and no posterior migration of 
the joint fluid. When the suprapatellar 
bursa was manually compressed with the 
knee flexed, the G-S bursa readily filled. 
Occasionallv, in the presence of a torn 
posterior capsule, contrast material will 
extravasate into the fascial planes behind 
the knee, particularly on sharp flexion. 
Such extravasation mav be demonstrated 
long after the initial injury, suggesting that 
capsular tears are slow to heal. The appear- 
ance of the contrast medium 15 linear and 
streakv, with a tendency to track inferiorly, 
close to the posterior tibial surface (Fig. 4, 
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Fic. 1. Note the large gastrocnemio-semimembrano- 
sus (G-S) bursa communicating via a narrow neck 
with the posterior knee joint space. No joint 
effusion and no clinical evidence of a Baker's cyst 
were present. 


A and В); a typical G-S bursa is smoothly 
outlined and globular and usually extends 
directly posteriorly or even slightly cra- 
niad. Most important in differential diag- 
nosis, the G-S bursa will empty as the 
flexed knee 1s extended; extravasated con- 
trast will remain extra-articular once it has 
escaped the confines of the synovial space 
(Fig. 4 C). 

Contrast filling of the G-S bursa has on 
at least cne occasion helped to explain the 
location of a loose body far posterior in the 
popliteal space (Fig. 5, 4 and 8). 


DISCUSSION 

[t seems obvious that since the normal 
knee joint contains only a small quantity 
of lubricating fluid, flexion and extension 
movements have little influence on its 
distribution. In the presence of a joint 
effusion, or its iatrogenic counterpart, 
about 15 cc. of water soluble contrast agent, 
the fluid preferentially accumulates in the 
suprapatellar bursa with the knee in exten- 
sion or moderate flexion (the routine posi- 
tion for lateral knee roentgenograph» ). 
When the knee is sharply flexed, the Joint 
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Fic. 2. (4) Contrast agent accumulates in the suprapatellar bursa with the knee fully extended. Note the 
absence of any posterior bursal filling. (B) Flexion of the knee compresses and empties the suprapatellar 
bursa. The posterior joint compartment and an ''average-sized" G-S bursa are now contrast filled. Ex- 
tension of the knee would restore the appearance in 4. 





Fic. 3. (4 and B) Flexion of the knee empties the suprapatellar bursa but the G-S bursa evidently does not 
communicate. The entire posterior knee joint compartment bulges. 
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fluid is forced out of the suprapatellar bursa 
into the posterior compartment of the knee 
and (in 50 per cent of the population) into 


the communicating gastrocnemio-semi- 
membranosus bursa. This tidal movement 
of joint fluid has several roentgenologic 
implications. 

I. The diagnosis of a joint effusion roent- 
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Fic. 4. (4) Note the streaky contrast ac- 
cumulation behind the head of the fibula, 
secondary toa posterior capsular rupture. 
It lacks the globular, smoothly outlined 
appearance of a bursa. The lateral loca- 
tion rules out a G-S bursa. (B) Posterior 
capsule rupture with knee acutely flexed. 
The narrow curvilinear appearance is 
diagnostic of interstitial rather than 
bursal localization. (C) When the knee 
is re-extended, posteriorly extravasated 
contrast material persists in contradis- 
tinction to the emptying of a normal G-S 
bursa. 


genographically depends upon the demon- 
stration of the soft tissue outline of a dis- 
tended suprapatellar bursa. Progressive 
knee flexion will empty this bursa and 
although the gastrocnemio-semimembrano- 
sus bursa when communicating will become 
distended, we agree with Lewis"! that it is 
a dithcult structure to define roentgeno- 
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liG. <. (4) Patient had multiple joint mice and a small calcification far posterior in the popliteal space. (В) 
Popliteal calcification demonstrated as a filling defect or loose body in the contrast filled G-S bursa. 


graphically because “in most instances 1t 15 
superimposed upon the heads of the gas- 
trocnemius muscles with whose shadow it 
blends almost perfectly." Thus, the diag- 
nosis of a small joint effusion is best made 
with the knee fully extended, not partially 
Hexed. 

2. The size of the gastrocnemio-semi- 


membranosus bursa is anatomically deter- 
mined. There are large and small ones just 
as there are large and small'suprapatellar 
bursae.? The filling of a large G-S bursa 
during arthrography is not diagnostic of a 
clinically significant Baker’s cyst. It indi- 
cates only a large communicating gastroc- 
nemio-semimembranosus bursa. To qualify 





lic. 6. (4) Easily palpable Baker’s cyst in association with a torn lateral meniscus and moderate Joint 
effision are demonstrated. (В) Roentgenogram shows a dry knee with "large normal" G-S bursa but no 
clinical findings of Baker's cyst. 
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as a disease process, the bursa must be 
chronically distended, due either to knee 
joint pathology with associated effusion or 
to primary bursal disease. The roentgeno- 
graphic similarity between Æ and В of 
Figure 61s striking. The patient depicted in 
Figure 6 4 had an easily palpable Baker's 
cyst and со cc. of joint fluid was aspirated 
before ar o A The patient in Figure 
6 B had a dry knee and no clinical evidence 
of a Baker's cvst. 

Although some Baker's cysts do not 
En with the knee Joint and are 
due to primary bursal trauma (particularly 
in children’), most popliteal cysts are sec- 
ondary to intrinsic knee disorders and 
probably arise as “decompression cham- 
bers” in the presence of chronic knee eftu- 
sions. This concept has been especially 
emphasized by Haggart.** When a Baker's 
cvstis associated with intermittent swelling 
of the knee itself, the primary knee pathol- 
ogy, Że., torn meniscus, rheumatoid arthri- 
tis, villonodular synovitis, must be dealt 
with; otherwise, simple excision of the cyst 
will usually lead to recurrence. This 1s 
particularly true of the large Baker’s cysts 
occasionally encountered in rheumatoid 
arthritis. These giant cysts may extend 
well below the mid-calf, are often confused 
clinically with an acute thrombophlebitis, 
and appear to wax and wane with the ac- 
tivity of the primary synovial disease. They 
may disappear spontaneously with remis- 
sion of the joint disease only to recur, even 
following excision, with reactivation of the 
rheumatoid process. 

Because of this frequent association, the 
surgical treatment of so called primary 
Baker’s cvsts should be undertaken only 
after careful arthrographv has excluded 
unsuspected disease of the menisci, cruciate 
ligaments or synovial membrane. 

Several orthopedic authors” state that 
the gastrocnemio-semimembranosus bursa 
communicates with the joint space when 
the knee is fullv extended but closes off 
with flexion of the knee. Hoffman" has 
suggested and we have demonstrated on 
cineroentgenographic studies that the re- 


Cyst бст 
verse Is true, 275., the bursal neck opens on 
flexion but tends to seal off when D knee 15 
extended, perhaps accounting for the tense- 
ness of the cyst and the inability to decom- 
press it in the usual examining position of 
full knee extension. 

Caughey and Bvwaters* have recently 
measured joint fluid pressure in the pres- 
ence aol Ко knee Eum Resting 


were not a oa by inflating 
a blood pressure cuff above the knee. How- 
ever, quadriceps contraction resulted 

marked intra-articular pressure elevations 
(up to 300 mm. Hg), particularly when the 
back of the knee was braced and reflux into 
the G-S bursa was prevented. These pres- 
sure changes reflect ћудгодупатисаћу the 
same changes that we have demonstrated 
roentgenographically, In the presence of 
joint fuid, compression of the suprapatellar 
bursa against the femoral shaft either by 
active quadriceps contraction or knee 
Hexion markedly elevates intra-articular 
fluid pressure and may distend a commu- 
nicating gastrocnemio-semimembranosus 
bursa into a clinically evident Baker’s cvst. 


SUMMARY 


Baker’s cysts are distended gastroc- 
nemio-semimembranosus bursae often aris- 
ing secondary to primary knee joint pa- 
thology with chronic effusion. Thev usually 
communicate with the knee joint proper 
and tend to fill as Hexion of the knee or 
quadriceps contraction displaces Joint fluid 
out of the suprapatellar bursa. The filling of 
a large G-S bursa on arthrography does not 
justify the diagnosis of clinically significant 
Baker's cyst. 

Small joint effusions are most readily 
visualized on lateral roentgenograms of the 
fullv extended knee. 

Department of Diagnostic Radiology 
The Clinical Center 

National Institutes of Health 
Bethesda, Maryland 
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COCCIDIOIDOMYCOSIS* 
(DIAGNOSIS OUTSIDE THE SONORAN ZONE) 


THE ROENTGEN FEATURES OF ACUTE MULTIPLE 
PULMONARY CAVITIES 


Ву EDWARD W. KLEIN, LCDR MC USN,1 and JCHN P. GRIFFIN, LCDR MC USN} 


GREAT LAKES, ILLINOIS 


OCCIDIOIDES IMMITIS, probably 

the most infectious of all fungi capable 
of producing serious systemic disease, is 
endemic in select areas of the Western 
hemisphere. The climatic Lower Sonoran 
Lite Zone constitutes the endemic area in 
the United States.? The zone is character- 
ized by an arrid or semi-arrid climate, high 
mean January and July temperatures, an 
alkaline soil, few frosts and a hot season 
which is generally followed by rain (5 to 20 
inches annually). The southwestern and 
central portions of California, southern 
Nevada, the southwestern corner of Utah, 
southern Arizona, southern New Mexico, 
western Texas and contiguous areas in 
Mexico constitute the Lower Sonoran Zone 
in North America. Physicians residing in 
these areas are constantly alert to this 
infection; however, little thought is given 
to this mycotic disease by physicians resid- 
ing distant from these areas. 

Two major factors have become appar- 
entin recent decades which dictate that we, 
outside the Lower Sonoran Zone, become 
more aware of the incidence of this disease 
removed from its endemic area. The first 
and by far the most important factor to 
consider is that of rapid transcontinental 
travel and its various ramifications. Since 
World War II, due to increase in vacation 
and leisure time, travel to the Sonoran 
Zone has become increasingly more popu- 
lar. The scenic and climatic wonders avail- 
able in this area will undoubtedly reflect 
themselves in increasing numbers of visi- 
tors. It has been estimated that 24 million 


~ 


people, each уеаг, visit the national forests 


and parks on the eastern edge of the San 
Joaquin Valley of California.’ In addition to 
these large numbers of people who, by their 
presence in. endemic areas, make them- 
selves susceptible to C. immitis, there are 
many military bases in the area. The con- 
stant transferring and discharging of mili- 
tary personnel from these areas would 
result in cases of coccidiotdomvcosis ap- 
pearing in all corners of this country. It is 
most probable that a very short residency 
in, or even travel through, (Blank? in 
Miami, Florida, presented a case of a pa- 
tient who motored through southern Cali. 
fornia about 2 weeks prior to her illness) the 
Lower Sonoran Zone may result in infec- 
tion. Гл our experience, particular interest 
should be given to those individuals who 
have been exposed to windy and dusty 
conditions in these areas. Such conditions 
exist and are encountered in construction 
work and, particularly, during military 
maneuvers. 

The second factor to consider in coccidi- 
oidomycosis discovered outside the endemic 
zone is that of infection from fomites. 
Albert and Sellers! recently reviewed the 
literature on fomite transmission and pre- 
sented a case which occurred in a waste 
cotton mill worker who handled gin flues 
from Tulare, California. These authors 
reviewed 24 other such cases. Soil trans- 
ported from San Diego County, American 
Indian artifacts, clothing, and San Joaquin 
cotton are implicated fomites. 

Thus, Coccidioides immitis finds its wav 
outside the Lower Sonoran Zone. Harrell 
and Honeycutt® recently highlighted this 
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traveling fungus disease as did Izenstark' in 
his monograph entitled "Modern Travel 
and Coccidioidomycosis.” Most authors 
consider that the radiologist should be at 
the forefront in suggesting the diagnosis. 

The roentgenographic pattern of coccidi- 
oidal infection retains a variability that 
defies easy classification. Birsner? at- 
tempted to clarify the problem in the radio- 
logic literature. In the more recent litera- 
ture, however, little attention has been 
given to the roentgenographic features of 
this disease. In particular, minimal interest 
has been given to the fleeting primary 
cavities of the acute infection. Fiese* states 
that serial roentgenograms, made during 
the course of primary coccidioidal pneu- 
monia, sometimes demonstrate an area of 
transient excavation in the midst of consoli- 
dative pulmonary tissue. This 1s more often 
than not an accidental discovery without 
symptoms or sequelae. No mention is made 
of multiple excavations of the primary 
type. Winn?* and Smith е a7" have 
directed their attention to the chronic or 
secondary cavitary form of the disease. 
While the acute transitory cavity is of little 
significance clinically, it may be of immense 
value from the roentgenographic point of 
view. The presence of small, diffuse foci of 
granulomatous tissue which show such 
areas of transient excavation should alert 
the radiologist to the possibility of coccidi- 
oidomycosis. The additional presence of a 
cutaneous toxic erythema should heighten 
this suspicion. Roentgenographic differen- 
tiation from pulmonary cavitation due to 
tuberculosis may be difficult. Tuberculous 
cavitation usually occurs during the adult 
form (re-infection type), whereas coccidi- 
oidal cavitation of the transient type devel- 
ops during the primary pulmonary infec- 
tion. We have also noted that involvement 
of the anterior segments of the upper lung is 
strongly in favor of coccidioidomycosis 
when attempting to differentiate the dis- 
ease from tuberculosis. 

The authors recently and independently 
became suspicious of the possibility of 
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coccidioidomycosis in 2 patients, who ex- 
perienced an acute illness while visiting the 
Great Lakes area, from their military base 
in California. It is our opinion that their 
case reports will be of interest to radiolo- 
gists everywhere. 


REPORT OF, CASES 


Case 1. R. T. is a 21 year old Private, U. S. 
Marine Corps, who noted the sudden onset of 
anorexia, malaise, feverishness, dry cough and 
burning substernal pain with respiration on 
December 22, 1963. These symptoms pro- 
gressed with particularly aggravating nocturnal 
paroxysms of cough and, 4 days later, he noted 
the onset of a minimally pruritic rash, first on 
the upper then the lower extremities and finally 
spreading to the chest area. On December 27, 
1963, he was admitted to a private hospital 
with the above symptoms and the additional 
complaint of backache. Examination there re- 
vealed a temperature of 104? F., inflammation 
of the nasal and pharyngeal mucous mem- 
branes, patches of rales and rhonchi over both 
lung fields and a generalzed maculopapular 
eruption. Chest roentgenograms showed scat- 
tered, ill-defined, nodular densities throughout 
both lungs. His course was that of continuing 
high fever with chills and night sweats, despite 
adequate antibiotic therapy. He was trans. 
ferred to the U.S. Naval Hospital, Great Lakes, 
Illinois, on December 31, 1963, for further eval- 
uation. Additional history revealed that he had 
been born in Alabama, but had resided in Illi- 
nois for the Io years preceding his induction 
into the Marine Corps on July 31, 1963. He had 
not traveled west of St. Louis until he reported 
for basic training at the Marine Corps Recruit 
Depot, San Diego, California. In October, 
1963, he was transferred to Camp Pendleton, 
California, where he underwent extensive field 
training. Here, he experienced repeated and 
prolonged exposure to the rocky and sandy soils 
of rural San Diego County. He returned to 
Illinois on December 20, 1963, for holiday 
leave. Past history of significant respiratory 
disease was unremarkable and he related no 
history of allergic symptomatology or of drug 
hypersensitivity reaction. He was unaware of 
recent contact with contagious disease in either 
his family or his fellow marines. Physical exami- 
nation at the time of arrival at this hospital 
revealed an alert Negro male, in no acute dis- 





Fic. І. Case 1. Posteroanterior erect chest roent- 
genogram demonstrating clearly defined multiple 
nodular densities. The borders are slightly irregular 
and early cavitation is apparent in several of the 
nodules. Bilateral hilar lymphadenopathy is pres- 
ent. Minimal peribronchial infiltrates are present 
in the lower lung fields. 


tress, but with a fever of 102? F. There was no 
remarkable tachycardia and, other than mini- 
mal nasopharyngitis, the remainder of the 
examination, including that of the lung fields, 
was normal. There were no residua of the previ- 
ously described rash. His hospital course was 
characterized by remittent fever in the range of 
102° F. maximum for the first week, followed by 





Fic. 2. Case т. The majority of nodules have under- 
gone cavitary degeneration. Peribronchial infil- 
tration persists in the lower lung fields. 
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Fic. 3. Case 1. Laminagram of the chest showing the 
typical “doughnut” cavities which are multiple 
and dittusely located. Hilar lymphadenopathy 15 
apparent. 


low-grade fever for an additional 10 days. 
Paroxysms of coughing, occasionally productive 
of minimal amounts of mucoid sputum, re- 
solved gradually over a 2 week period. Only 
symptomatic treatment and a short course of 
penicillin orally were employed at this facility. 
Serial roentgenographic studies are described 
below (Fig. 1 through 4). 





Ето. 4. Case т. The majority of the cavities have 
resolved, placing them in the category of acute 
fleeting cavities of coccidioidomycosis (28 days). 
Further studies showed resolution of all of the 
cavities. 
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Laboratory data revealed an admission white 
blood cell count of 13,600, with 66 per cent neu- 
trophils and 3 per cent band forms. During his 
fifth week of hospitalization, a peripheral blood 
morphology revealed 15 per cent monocytes and 
IO per cent eosinophils (confirmed by a total 
eosinophilic count of 532 per cu. mm). Sputum 
cultures revealed no bacterial pathogens. Abun- 
dant fungal growth from multiple sputum speci- 
mens was noted on Sabouraud's medium at 
room temperature; the colonies were composed 
of white mycelial forms with some arthrospores; 
however, these organisms were lost in passage 
before more specific identification could be ac- 
complished. Aerobic and anaerobic blood cul. 
tures showed no growth. Erythrocytic sedimen- 
tation rate was elevated to 51 mm. (Wintrobe). 
Serum protein electrophoresis obtained during 
convalescence revealed a minimal elevation of 
alpha-2 and gamma globulin components. 

Intermediate strength purified protein de- 
rivative of tuberculin skin test was negative, 
while a histoplasmin test revealed 1.5 cm. in- 
duration at 48 hours. Coccidioidin skin test 
(1:100), initially negative on two: occasions, 
converted to positive in the fourth week of 
hospitalization here. Ácute and convalescent 
sera for fungal serology showed complement 
fixation titers of 1:4 and 1:4 for Histoplasma 
capsulatum, 1:2 and negative for Blastomyces 
dermaiitidis, and 1:16 with zoning for Coccidi- 
oides immitis. A repeat study (2 months later) 
revealed the presence of complement fixing anti- 
bodies for Coccidioides immitis in a titer of 1:16. 

The patient expertenced a slow, but progres- 
sive, improvement without evidence of dissemi- 
nation of his disease, and was returned to a full 
duty status with minimal residual pulmonary 
infiltration. 


Case п. А. S. is ап 18 year old Private, U. S. 
Marine Corps, who noted the sudden onset of 
feverishness, anorexia, malaise, dry cough and 
paravertebral myalgia on December 14, 1963. 
These symptoms persisted and were followed by 
the appearance of a generalized rash 4 days 
later. This was associated with prostration and 
aggravation of nonproductive cough, particu- 
larly at night. He was evaluated at a Veterans 
Administration Hospital where a dermatologist 
noted skin lesions consistent with erythema 
multiforme and, on December 20, 1963, he was 
transferred to the U. S. Naval Hospital, Great 
Lakes, Illinois, for further evaluation. Addi- 
tional history revealed that the patient had 
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resided in Chicago, Illinois, from birth to his in- 
duction into the Marine Corps on August 8, 
1963. He had not previously traveled west of 
Iowa nor south of Illinois until he arrived at the 
Marine Corps Recruit Depot, San Diego, Cali- 
fornia, for his basic training. In late October, he 
was transferred to Camp Pendleton, California, 
where he had undertaken extensive field train- 
ing in the rural area of San Diego County. On 
December 13, 1963, he departed for Chicago on 
holiday leave. There was no significant past 
history of medical disease and the family his- 
tory was noncontributory. He related no his- 
tory of allergic symptomatology or drug reac- 
tion. Physical examination, at the time of ad- 
mission to this facility, revealed a well-nour- 
ished Caucasian male, in no acute distress, but 
with a fever of 101.2? F. Bilateral anterior cervi- 
cal lymph nodes, measuring 1.0 cm., were pres- 
ent in conjunction with injection and lymphoid 
hyperplasia of the pharynx. The lungs were 
clear to auscultation. Án erythematous macular 
eruption with slightly raised serpiginous bor- 
ders and somewhat depressed centers was noted 
over the arms, hands, legs, chest, abdomen and 
back. The patient's hospital course was char- 
acterized by an intermittent fever to a maxi- 
mum of 105? F., gradually resolving over a 9 day 
period. His rash resolved within 4 days of ad- 
mission, but cough persisted for some 2 weeks. 
He was treated with tetracycline antibiotics, 
intramuscular ACTH gel and antihistaminics. 

Serial roentgenographic studies are described 
below (Fig. 5 through 8). 

Laboratory data revealed an admission white 
blood cell count of 11,100 with 88 per cent 
neutrophils and 4'per cent band forms. In the 
third week of hospitalization, his white blood 
cell count was 10,200 with 46 per cent neutro- 
phils, 10 per cent monocytes and 20 per cent 
eosinophils (confirmed by a total eosinophil 
count of 1,820 per cu. mm.). Erythrocytic sedi- 
mentation rate was 40 mm. (Wintrobe) and C- 
reactive protein was positive. Serum protein 
electrophoresis, obtained during convalescence, 
revealed a relative increase in alpha-2 and 
gamma globulins. 

Purified protein derivative of tuberculin (in- 
termediate strength), histoplasmin and blasto- 
mycin skin tests were negative, while coccidi- 
oidin 1:100 revealed 15 mm. induration at 48 
hours. Serial determinations of fungal serology 
were made with the initial specimen obtained 
during the third week of hospitalization. Com- 
plement fixation tests for Blastomyces dermati- 
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hic. 5. Case п. Erect posteroanterior roentgeno- 
gram of the chest shows bilateral irregular nodular 
infiltrations. No cavities are discernible. Hilar 
lymphadenopathy is present. 


tidis were negative and those for Histoplasma 
capsulatum revealed a peak titer of 1:4. Com- 
plement fixing antibodies for Coccidioides immi- 
tis were obtained in significant titers of 1:32 and 
1:16. Гуо months later a 1:4 titer for comple- 
ment fixing antibodies for Coccidioides immitis 
was reported. 

The patient experienced a slow, but progres- 
sive, Improvement without definite evidence of 
dissemination of his disease and was returned to 
a full duty status with the solitary residual cavi- 
tation described. 





lic. 6. Case п. Fourteen days after Figure 5, 
cavitary degeneration is apparent. 
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Fic. 7. Case п. Laminagram 23 days from original 
study shows that several of the cavities have re- 
solved. 


DISCUSSION 


The symptomatology in the acute pri- 
mary infection of coccidioidomycosis is 
usually that of a respiratory illness with 
chest pain and a minimally productive 
cough associated with rather striking svs- 
temic symptoms of fever, diffuse myalgia, 





l'1G. 8. Case i1. Four months after initial study, it is 
noted that all cavities have resolved with the ex- 
ception of the large, thin-walled, chronic or latent 
cavity in the left mid-lung field. A smaller resolv- 
ing cavity is also seen above the larger one. 
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anorexia and often prostration.* 5935 How- 
ever, it is estimated that some 60 per cent 
of primary infections are clinically inap- 
parent.? Patterned cutaneous lesions, 
which are of great assistance 1n suggesting 
the diagnosis, are found in only about 5 per 
cent of males afflicted with this disease. 
These eruptions, taking the clinical form of 
erythema nodosum or erythema multi- 
forme, are usually seen in the second or 
third week of the illness corresponding with 
the appearance of dermal hypersensitivity 
as manifest by the positive coccidioidin 
skin test? An earlier generalized fine 
erythematous macular rash appears in 
about 10 per cent of patients within several 
days of the onset of symptoms and resolves 
within 1 week; this eruption occurs prior to 
the appearance of dermal hypersensitivity 
and is considered to represent only a non- 
specific toxic erythema.’ Case 1 in this 
paper exhibited this tvpe of rash prior to 
the appearance of a positive skin test, while 
Case 11, although exhibiting a rapid devel- 
opment of hypersensitivity, demonstrated 
an erythema multiforme eruption after the 
appearance of a positive coccidioidin skin 
test. 

The diagnosis of coccidioidomycosis can 
be established by the identification of C. 
immitis in the sputum or bronchial wash- 
ings. Coccidioidin, however, when used 
intelligently, is the most valuable single 
tool generally available for the diagnosis of 
coccidioidal infections. This material is 
employed not only for the quite specific and 
very sensitive skin test, but ts also used as 
the antigen for the precipitin and comple- 
ment fixation tests. In actual experience, 
the serologic tests are more practicable in 
diagnosis than isolation of the fungus from 
the sputum, since about go per cent of cases 
of symptomatic primary infection will 
reveal some serologic confirmation.’ Some 
authors consider a complement fixation 
titer of 1:32 or greater as a criterion of 
dissemination.* However, Case 11 showed a 
titer of 1:32 in the face of progressive clini- 
cal improvement and serial determinations, 
probably of more value than a single nu- 
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merical criterion, confirmed the lack of 
dissemination with a fallin titer to 1:4. The 
complement fixation titer in this disease 1s 
presumably a direct measure of specific 
antibody response. Studies by Reed and his 
associates!’ have shown a significant corre- 
lation of this titer with the absolute and 
relative concentrations of gamma globulin. 
Both cases reported here demonstrated 
relative increases in gamma globulin com- 
ponents on serum protein electrophoresis. 
These cases also demonstrated relative 
increases in alpha-2 globulin components, 
which these authors have correlated with 
the high sedimentation rates and have 
related to acute inflammatory activity. 
Probably the most important considera- 
tion in the clinical course is the detection of 
dissemination of the disease, since poten- 
tially curable therapy is now available for 
this problem in the form of amphotericin B. 
Colwell and Tillman‘ have drawn attention 
to the desirability of early recognition of 
dissemination and have listed criteria for 
suspicion of this event to include: (1) sys- 
temic symptoms of more than 1 week in a 
Negro patient, and (2) roentgenographic 
evidence of paratracheal lymphadenopa- 
thy. The authors were justifiably concerned 
with the fulfillment of both of these mani- 
festations in Case 1, in conjunction with the 
striking roentgenographic evidence of dif- 
fuse pulmonary cavitation. However, with 
intensive supportive care there was, fortu- 
nately, a progressive clinical improvement 
in conjunction with a continued lack of 
serologic evidence of dissemination and 
amphotericin B therapy became unneces- 


sary. 
SUMMARY 


1. Coccidioidomycosis is endemic within 
the climatic Lower Sonoran Zone in the 
United States. 

2. Method of spread "Outside the Sono- 
ran Zone" is discussed. 

3. Awareness of the disease "Outside the 
Sonoran Zone” is stressed, especially re- 
garding the radiologist's participation. 

4. Two cases are presented which dem- 
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onstrated acute multiple transient ријто- 
пагу cavities. 

Edward W. Klein, LCDR MC USN 

Department of Radiology 

U, S. Naval Hospital 

Great Lakes, IHlinois 60088 
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BRONCHIOLAR EMPHYSEMA* 


By DAVID BRYK, M.D., and KEN MORI, M.D. 


BROOKLYN, NEW YORK 


RONCHIOLAR emphysema is an un- 

usual type of diffuse pulmonary disease 
characterized by ргостеѕѕіуе respiratory 
insuffciency. Other terms used for this 
entity are: muscular cirrhosis of the 
lungs,^? bronchiolectasis,? and cystic pul- 
monary cirrhosis.? There have been about 
20 cases previously reported in the litera- 
fires" 

The purpose of the authors is to report 
another case which was followed for 8 vears 
and came to autopsy, and to emphasize the 
differential pathologic and roentgen fea- 
tures. 


REPORT OF A CASE 


S.M. was a white female whose first respira- 
tory complaint developed in 1937 at the age of 
41, when she had an episode of left chest pain. 
She was told that this was pleurisy. In 1945, she 
began to have episodes of dyspnea which were 
Intermittent, occurring day or night. She also 
developed frequent upper respiratory infections 
with rhinorrhea and cough. These were treated 
by antibiotics. 

She was first seen in the Maimonides Hospi- 
tal in 1955 at the age of £9. The cause of admis- 
sion was an episode of respiratory infection 
characterized by fever, dyspnea, heaviness in 
the chest, sneezing and cough productive of 
yellowish sputum. Clubbing of the fingers was 
present. Fine crackling rales were heard at both 
lung bases. The roentgenologic report described 
patchy and linear infiltrations in both lung 
fields. 

In 1957, because of worsening symptoms, she 
was started on steroids which were continued 
unti. death in 1963. 

In 1959, she was re-admitted due to another 
episode of fever, cough and increased dyspnea. 
She had lost considerable weight. Marked club- 
bing of the fingers and toes was now present. 
There was a suggestion of cyanosis at times. 
Rales and rhonchi were heard in the lungs. 
There was a systolic murmur at the base of the 
heart. P2 was greater than A2. An electro- 





Fic. т. Posteroanterior view of the chest showing 
fine diffuse interstitial infiltrations, more promi- 
nent in the lower lobes. The vessels in the upper 
lobes are prominent. The heart shows right 
ventricular enlargement. 


cardiogram showed right ventricular prepon- 
derance. 

She was re-admitted in 1961 because of in- 
creasing dyspnea even at rest. Productive 
cough was more persistent. Examination re- 
vealed distended neck veins, liver enlargement 
and pedal edema. Cyanosis was marked. The 
patient became extremely cachectic. Right 
heart failure became intractable and she ex- 
pired in October, 1963, 27 vears after the initial 
respiratory difficulty and 8 years after the first 
admission to Maimonides Hospital. 

Roentgen Findings. The roentgenograms from 
1959 to 1963 were available for review. The pat- 
tern was that of fine interstitial pulmonary in- 
hltrates. These were bilateral and symmetric 
with more prominent involvement of the lower 
lobes (Fig. 1). In the region of the costophrenic 
angles, the infiltrates were linear, horizontal 
and parallel, resembling Kerley B lines (Fig. 2). 
These indicated the lymphangitic distribution 
of the infiltrates. Between the infiltrates were 
small oval equal-sized lucencies producing a 
pattern of fine honeycombing. 

There was complete obliteration of the vascu- 


* From the Departments of Radiology and Pathology, Maimonides Hospital of Brooklyn, Brooklyn, New York. 
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lar markings in the lower lobes. The vessels in 
the upper lobes were prominent, presumably 
due to shunting of blood through the upper 
lobes. 

The serial roentgenograms from 1959 to 1963 
showed no significant change over this 4 year 
period, except for progressive cardiac enlarge- 
ment. The cardiac enlargement was due to pro- 
gressive hypertrophy and dilatation of the right 
ventricle secondary to the pulmonary abnor- 
malities. 

Autopsy Findings. Each lung weighed 550 gm. 
Each showed diffuse rigidity, maintaining a 
cone shape as if fixed 77 situ. The left lung re- 
vealed distinct depressions caused by the aortic 
arch, descending aorta, and left subclavian 
artery (Fig. 3). On the medial aspect of the 
right lung, both venae cavae produced depres- 
sions. The pleura presented a whitish ditfuse 
thickening and a coarse granular appearance 
produced by partially aerated, cystic spaces. 
Anthracotic pigment and prominent vascular 
channels were present in the depressed dividing 
septa. Bullae were most prominent in the lower 
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Fic. 2. Localized view of the right lower lung dem- 
onstrating the fine uniform interstitial pattern 
with the intervening lucencies producing a pattern 
of fine honeycombing. The thickened horizontal 
parallel interstitial septa are seen in the costo- 
phrenic angles. 
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Fic. 3. Medial view of the left lung specimen in the 
fresh state showing diffuse rigidity. The aortic 
arch procuces a distinct groove. 


segments and at the anterior and inferior edges. 
Both apices were resilient and free of bullae. 

On section, both lower lobes, the right middle 
lobe and the lower segments of both upper 
presented whitish pale cut surfaces 
studded with microcystic spaces measuring up 
to 0.5 cm. in diameter (Fig. 4). A majority of 
the spaces were filled with whitish tenacious 
mucus. The intervening pulmonary paren- 
chyma was rigid, whitish, fibrotic and avascular. 
The anthracotic pigment was distributed in a 
network fashion against the whitish back- 
ground. The bronchial branches contained 
viscid mucus and disclosed moderate thickening 
of their walls. Both apices were free except for 
scattered streaky fibrotic strands. The pulmon- 
ary arteria! tree showed moderate to marked 
intimal plaque formation. 

Microscopically (Fig. 5), all the cystic spaces 
were lined by tall columnar ciliated epithelium 
except when desquamated by acute and chronic 
inflammation. The cystic spaces contained in- 
Hammatory leukocytes, mucus, pig- 


lobes 


brown 
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liG. 4. Cross section of the fixed lung specimen 
showing the multiple small cystic spaces. 


mented macrophages, and foam cells. The 
septa showed chronic inflammatory cells, 
fibrcus tissue, a small number of capillaries and 
a large amount of smoorh muscle. No alveolar 
structures were recognized except in the apical 
regions. The heart, weighing 390 gm., was en- 
larged and globular. The apex was formed by 
the right ventricle, which was markedly dilated 
and hypertrophied. The trabeculae carneae of 
the right ventricle were as prominent as the 
papillary muscles of tne left ventricle. The 
thickness of the right ventricular wall measured 
0.8 cm. while that of left 1.3 cm. Coronary 
atheromatosis was mild. 
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DISCUSSION 

The case presented above clearly fulfills 
the clinical and pathologic critera of the 
entity of bronchiolar emphysema. The 
pathologic findings, as noted at autopsy, ot 
rigid hobnail lungs with cystic spaces on cut 
section (honeycomb lung) and, on micro- 
scopic study, dilated terminal bronchioles 
with hyperplasia of smooth muscle, are 
characteristic of this entitv.^? The involve- 
ment 1s usually diffuse and svmmetric but 
there may be asymmetry in involvement, 
with partial sparing of the upper lobes, as in 
our case, or of the lower lobes.? 

Pathologically, differentiation must be 
made from focal lesions producing an iden- 
tical histologic picture which are found 
incidentally at autopsy 1n patients dying of 
other diseases. These lesions are usually 
found at the periphery of the lung and in a 
random asymmetric distribution. They are 
usually considered to be the result of focal 
infammation of undetermined etiology.’ 
The diagnosis of bronchiolar emphysema 
can, therefore, only be made when the in- 
volvement is diffuse. 

Other diseases which pathologically re- 
semble bronchiolar emphysema are tuber- 
ous sclerosis and scleroderma. Tuberous 
sclerosis 1s probably a systemic hamarto- 
matous condition. The honeycomb lung in 
tuberous sclerosis therefore tends to con- 
tain adipose tissue and hemangiomatous 
structures rather than only smooth muscle. 
In addition, tuberous sclerosis involves 
other organs. The reported cases of the so- 
called “forme fruste" of tuberous sclerosis 
involving only the lung are probably cases 
of bronchiolar emphysema. 

Scleroderma may involve the lungs and 
give a pathologic picture of honeycomb 
lung. The proliferative connective tissue in 
scleroderma, however, is collagen rather 
than smooth muscle. 

The roentgenographic picture in bron- 
chiolar emphysema is not specific. The 
changes described can be seen in sarcoido- 
sis, tuberous sclerosis, pulmonary eosino- 
philic granuloma, lymphangitic carcinoma, 
scleroderma, and pneumoconiosis. How- 
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Fic. 5. Microscopic section (H&E stain, X250) shows the cystic spaces lined by tall columnar epithelium. 
The septa are thickened, containing smooth muscle, fibrous tissue and inflammatory cells. 


ever, the fineness of the infiltrations, the 
smallness and uniform size of the lucencies 
and the chronicity of the process mav sug- 
gest the diagnosis. 

The infiltrations are due to thickening of 
the interstitial tissues bv fibrous tissue, 
chronic inflammatory cells and smooth 
muscle hvperplasia. The lucencies are ap- 
parently due to the dilated terminal bron- 


chioles. Of interest in the present case is the 
greater involvement of the lower lobes and 
the prominent vasculature in the upper 
lobes. The latter finding is apparently due 
to shuntirg of the pulmonary blood flow to 
the upper lobes secondary to obliteration of 
the lower lobe vascular channels by the 
disease process. 

The etiology of bronchiolar emphysema 
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is unknown. One widely accepted theory 
propounded by Siebert and Fisher’ is that 
there is a pre-existing dysplasia of the 
terminal respiratory units. 


SUMMARY 


An additional case of bronchiolar emphy- 
sema, a rare diffuse pulmonary disease, 1s 
reported. The disease produces slow pro- 
gressive pulmonary insufficiency over a 
period of many years. Pathologically, the 
entity is fairly clear-cut. The roentgen 
picture is that of fine diffuse uniform infil- 
trations with intervening small uniform 
cysts. This picture is not specific for this 
entity but in a patient with a slowly pro- 
gressive interstitial pulmonary process with 
these features, the diagnosis of bronchiolar 
emphysema should be considered. 


David Bryk, M.D. 

Maimonides Hospital of Brooklyn 
4802 Tenth Avenue 

Brooklyn, New York 


David Bryk and Ken Mori 
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THE PULMONARY VESSELS IN THE DIAGNOSIS 
OF LOBAR COLLAPSE 


Ву Н, J. CRANZ, M.D., and H. F. W. PRIBRA M, M.D., D.M.R.D. 


IOWA CIT Y, IOWA 


1 EASING attention has been paid to 

the pulmonary vessels in the diagnosis of 
mitral stenosis and left ventricular. fail- 
ure, ®nal vet little or no attention has 
been paid to their changes in pulmonary 
collapse. A detailed search of the literature 
shows that although the classic signs of 
lobar collapse have been well described, + 
^77 no analysis of the changes in the 
major pulmonary vessels has been at- 
tempted. Some authors have alluded to 
changes in the vascular pattern of the hilus 
but without analvzing these in detail." 

Ihe pulmonary vessels can be identified 
and the diagnosis of pulmonary collapse 
may be made on this basis alone, when 
other and better known signs are absent. It 
has been stated that "satisfactory assess- 
ment of the radiographic pattern of the 
pulmonary arteries, particularly its major 
branches, and to a lesser extent its minor 
branches, is possible on adequate chest 
radiographs." Herrnheiser? described the 
composition of the hilus and concluded that 
the normal hilar shadows are chiefly pro- 
duced by vessels. He also noted that vessel 
architecture was remarkably constant and 
that there was no basic difference between 
the right and left hilus-—the lingula on the 
left corresponding to the middle lobe on the 
right. Simon!! also noted the constancv of 
the vessels and stressed that the pulmonary 
arteries change their appearance in cases of 
atelectasis. 

It is our purpose to elaborate on the 
usefulness of precise analvsis of the hilar 
shadows, as this is of particular value in the 
diagnosis of left lower lobe collapse. It is 
known that collapse of the left side of the 
lung is more difficult to recognize because of 
the presence of the heart shadow. The 
lower lobe, in particular, mav be invisible 
and hidden in the paravertebral gutter. It 
may not be demonstrable in anv of the 
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Fic. т, Tracing of normal posteroanterior chest 
roentgerogram to demonstrate distribution. of 
normally recognizable vascular shadows. (1) 
Vessels го upper lobes; (2) vessels to middle lobe 
and lingula; (3) vessels to lower lobes. Dotted 
lines: veins, 


standard projections. On the right side the 
situation is different due to the absence of 
the heart shadow and the prominence of the 
main lower lobe artery. 


ANATOMIC CONSIDERATIONS 

The pulmonary arteries follow the major 
bronchi ‘rom the hilus to the periphery. 
The pulmonary veins have an independent 
course to the left atrium at a lower level 
than the pulmonary arteries.’ The vessels 
as seen cn a normal chest roentgenogram 
have been traced to show their radiation 
trom the hilus into the lung field (Fig. 1). 
The veins, shown with dotted lines, nor- 
mally run:n a more horizontal direction and 
cross the arteries. However, itis not alwavs 
possible to distinguish arteries from veins. 
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The hilus resembles а “Y” lying; horizon- 
tally with the fork facing outwards. The 
pulmonary artery and its main branches 
are usually well seen on the right but less 
well seen on the left. A slightly overpene- 
trated roentgenogram or one taken with the 
air gap technique? may show the vessels 
better. Figure 1 shows the upper lobe ves- 
sels (1) having a regular distribution and 
pattern. One or two vessels to the middle 
lobe or lingula may be outlined (2). The 
main pulmonary artery extends downwards 
in an even sweep on both sides, giving off a 
variable number of branches to the lower 


lobes (3). 


ROENTGENOLOGIC FINDINGS 
COLLAPSE OF THE LEFT UPPER LOBE 


In the posteroanterior chest roentgeno- 
gram, a density extends superiorly for a 
variable degree from the left hilus. The 
number and caliber of the vessels are re- 
duced as compared to the same region of 
the right lung. The left hilus may be ele- 
vated. Neither the usually well visible 
upper lobe arteries nor the vessels to the 
lingula can be identified. The main pulmo- 
nary artery to the left lower lobe often 
takes a more lateral course than normal. 
Herniation of the right lung through the 
superior mediastinum anteriorly may be 
present and identifiable.“ In the lateral 
view the collapsed upper lobe may be 
visible as a shadow of varying width, run- 
ning parallel to the sternum and adjacent 
to it. 

Thus, the salient features of the left 
upper lobe collapse are the slight elevation 
of the left hilus, the fanning out and reduc- 
tion in the number of the visible vessels, 
their reduced caliber and the absence of the 
lingular branches. In the lateral view an 
anterior mass may be identifiable. 


COLLAPSE OF THE LEFT LOWER LOBE 


The reduction in size and number of the 
visible vascular structure may be minimal 
or not apparent. The artery to the apical 
posterior segment of the upper lobe main- 
tains its normal course. The anterior seg- 
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mental artery of the upper lobe is deflected 
to a varying degree and runs horizontally or 
downwards across the mid-lung field. The 
hilus may be slightly depressed or in normal 
position but appears reduced in size. The 
vessels of the lingula are strongly deflected 
downwards and are seen extending parallel 
to the left heart border. Care must be taken 
not to confuse these structures with the 
normal main pulmonary artery to the left 
lower lobe. As a rule their origin from the 
upper portion of the left hilus can be deter- 
mined, disclosing their identity. The col- 
lapsed left lower lobe may or may not be 
visible as a paravertebral mass behind the 
heart on the left side. If visible, it has to be 
distinguished from the shadow of the de- 
scending aorta. 


REPORT OF CASES 


Case І. W.C., a male aged 72 years, had 
bronchogenic carcinoma with almost complete 
collapse of the left upper lobe (proved at 
thoracotomy). Posteroanterior and left lateral 
chest roentgenograms were made on June 23, 
1959 (Fig. 2 and 3). A slight reduction of the 
volume of the left hemithorax was seen in the 
posteroanterior view. The trachea was midline. 
The lung field and pulmonary vascular mark- 
ings on the right were normal. The left hilus was 
elevated. A homogeneous density extended 
from the left hilus into the left mid-lung field. 
The vascular markings were diminished 
throughout. The main hilar vessels were spread 
apart and had lost their orderly distribution. 
The lower lobe branches of the pulmonary ar- 
tery were fanned out. The size of all vascular 
shadows in the left lung was reduced when 
compared with the normal right side. A ra- 
diolucent area extending laterally from the 
aortic knuckle to the left apex represented the 
herniation of the right lung into the left chest. 
In the lateral view (Fig. 3) a line of increased 
radiodensity extended parallel to the anterior 
chest wall from the manubrium to the dia- 
phragm. This was the anteriorly displaced 
major fissure and the upper lobe, sandwiched 
between the anteriorly herniated right lung and 
the overinflated left lower lobe. 


Comment. 'The salient features of this 
case were the elevation of the left hilus, 
diminution in size and number of all pulmo- 
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nary vascular markings, particularly of the 
main trunks, which extended from the left 
hilus into the left lung field on the postero- 
anterior view. The mass extending from the 
hilus (shown in magnification in Fig. 4) 
suggested partial collapse, and was readily 
identified in the left lateral view bv its 
anterior location and the anteriorly dis- 
placed greater fissure. 


Case ir. M.E., a female aged 39 years, had an 
adenoma of the left upper lobe bronchus with 
almost complete collapse of the upper lobe 
(proved at operation). Posteroanterior and 
lateral chest roentgenograms were made on 
August 14, 1963 (Fig. § and 6). The posteroan- 
terlor view again showed the trachea to be in 
the midline, and the diffuse haziness extending 
from the left hilus into the left mid-lung field. 
The left hilus was somewhat elevated and a 
radiolucency was seen extending laterally from 
the aortic knuckle into the left upper lung field. 
These features represented again the partially 
collapsed left upper lobe and the herniation of 





Fic. 2. Case r. Posteroanterior chest roentgenogram 
(June 23, 1959) shows slight reduction in volume 
of the left hemithorax. A homogeneous density 
extends from the left hilus. The vascular markings 
are diminished throughout the left lung field. The 
main vascular shadows are reduced in size and 
number and are spread out. 


Pulmonary Vessels in Lobar Collapse 
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Case 1. Left lateral view of chest shows a 


Pic. 3. 
line of increased density (arrows) running parallel 
to the anterior chest wall. Radiolucency directly 
underneath sternum represents herniated right 
lung. The left upper lobe is sandwiched between 
chest wall and herniated right upper lobe ante- 
riorly and overexpanded left lower lobe posteriorly. 


the right lung into the left hemithorax. The 
main pulmonary artery on the left could not be 
identified. The visible vascular markings were 
fanned out. These findings were particularly 
striking, when compared to the normal right 
side. The normal size and distribution of vascu- 
lar shadows on the left side were completely lost 
(Fig. 7, magnified view of left side). In the 
lateral view (Fig. 6), a faint line of radiopacity 
could be seen running more or less parallel to 
the anterior chest wall from the apex of the lung 
to the diaphragm (arrows). This again repre- 
sented the anteriorly collapsed and compressed 
upper lobe with the anteriorly displaced major 
fissure. 


Comment. Vhe main features of these 
roentgenograms were the gross distortion of 
the main pulmonary vascular shadows in 
their distribution and their size as com- 
pared to the normal right hilar shadows. 
The appearance of the parahilar mass on 
the left in the posteroanterior view and of 
an anterior mass in the left lateral view 
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Fic. 4. Case 1. Enlarged view of left hilus shows to 
advantage the reduced number and caliber and 
size of the vascular shadows. 


helped confirm the diagnosis of the left 
upper lobe collapse. 

Case ш. C.M., a male aged 27 years, had a 
left lower lobe collapse (proved at operation). A 
roentgenogram (Fig. 8) September 3, 1963 
showed the trachea to be midline. There was 
moderate overdistention of the right lung. The 
pulmonary vessels on the right appeared to be 
normal. The left costophrenic angle was ob- 
literated following empyema. The pulmonary 
vascular markings on the left side were dimin- 
ished throughout. The hilus appeared in its 
usual position. The main pulmonary artery to 


H. J. Cranz and H. F. W. Pribram 





Јиту, 1965 


the left lower lobe could not be identified. The 
anterior segmental branch of the upper lobe was 
displaced downwards. The lingular branches 
were recognizable and were seen parallel to the 
lett heart border; the inferior branch was super- 
imposed on the heart border, the superior branch 
somewhat lateral to it. A paravertebral density 
was noted behind the heart shadow. These tea- 
tures are all shown to better advantage in the 
magnified view (Fig. то). The lateral view was 
normal (not shown). A bronchogram 2 days 
later (Fig. 9) showed good filling of the major 
bronchi on the left side. Downward displace- 
ment of the anterior bronchus of the left upper 
lobe was apparent. Downward and medial dis- 
placement of the two lingular branches was 
striking. The inferior lingular branch was super- 
imposed on the lateral border of the heart 
shadow. The initial portion of the lett lower lobe 
bronchus and its subdivisions were visualized 
and marked crowding and bronchiectatic 
changes were apparent. The findings indicated 
almost complete collapse of the left lower lobe. 


Comment. The pertinent feature of this 
case again was a completely normal left 





ic. 5. Case п. Posteroanterior chest roentgeno- 
gram (Aug. 14, 1963) shows haziness extending 
from left hilus into left lung field. The main pul- 
monary arteries cannot be identified. The vascular 
shadows fan out from the hilus and are much re- 
duced in size, number and caliber. The radiolucent 
area lateral to and above the aortic knuckle repre- 
sents herniation of the right upper lobe through 
the anterior mediastinum, 
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Fic. 7. Case п. Enlarged view of left hilus shows 
density extending from left hilus. Reduction of 
vascular shadows in size, number and caliber 1s 
well demonstrated. Herniation of right upper lobe 
indicated by radiolucent area adjacent to the left 
of aortic knob. 


lateral view of the chest (not reproduced). 
In the posteroanterior view distortion of 
the vascular shadows, reduction in size and 
number and the take off of the lingular 
branches from the upper portion of the left 
hilus were apparent. The lingular branches 
were markedlv deflected downwards and 
medially. 


Case Iv. B.E., а male aged 21 years, had com- 
plete collapse of left lower lobe. А postero- 
anterlor chest roentgenogram made on January 
22, 1963 (Fig. 11) showed the trachea to be 
midline. The right lung field and pulmonary 
vessels were normal. The left lung field showed 
minimal increase in radiolucency. The left hilus 
was somewhat lower than the right. A general 





Case rr. 


Itc. 6. Left lateral chest roentgenogram 
showing partial collapse of left upper lobe. There is 
a faint line of radiodensity running almost parallel 
to the anterior chest wall (arrows). This represents 
the partially collapsed and anteriorly displaced 
left upper lobe. 


Pulmonary Vessels in Lobar Collapse 








Fic. 8. Case nr. 


Posteroanterior chest roentgeno- 
gram (Sept. 3, 1963) shows the right side to be 
normal. Trachea is midline. Left hilus is in normal 
position. There 1s reduction of vascular markings 
in the left lower lung field mainly. Major vessels 
are spread out. The anterior segment of the left 
upper lobe is displaced downwards. A paraverte- 
bral density (arrows) is seen behind the heart. 
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ic. 9. Case ш. Bronchogram shows good filling of 
all major bronchi on the left. The lingular branches 


are markedly displaced downwards, running 
parallel to the left heart border. The left lower lobe 
bronchus and main outlined. 
Marked bronchiectatic changes and almost com- 
plete collapse of the left lower lobe are evident. 


subdivisions are 


decrease in vascular markings was apparent. A 
close analysis of the vessels extending from the 
left hilus showed the upper lobe vessels to be 
spread out and the artery to the anterior seg- 
ment of the upper lobe running horizontally 
and then downwards (Fig. 12, enlarged view). 
The superior lingular branch extended down- 
wards almost parallel to the left heart border. 
The inferior lingular branch could be seen be- 
hind the heart shadow. The main lower lobe 
pulmonary artery was not visible. There was a 
paravertebral mass on the left (arrows). The 
lateral view was normal (not shown). A 
bronchogram on January 23, 1963 (Fig. 13) 
showed good filling of the upper lobe bronchi on 
the left with spreading of the bronchi and, in 
particular, downward displacement of the 
branches to the anterior segment of the upper 
lobe. The lingular bronchus was markedly de- 
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pressed and its superior branch ran almost 
parallel to the cardiac border, while the inferior 
lingular branch was seen behind the heart shad- 
ow. The main lower lobe bronchus and the 
beginning of its segmental branches were 
visualized in the paravertebral mass and com- 
plete left lower lobe collapse was apparent. 


Comment. The salient features in this 
case were the fanning out of the main pul- 
monary vascular shadows of the left hilus. 
The lingular branches could be identified in 





Fic. то. Case ur. Enlarged view of left chest. The 
lingular branches of the pulmonary artery are 
seen parallel to the left heart border, originating 
from the upper portion of the hilus. A paraverte- 
bral mass (arrows) is faintly visible behind the 
heart shadow. 
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the posteroanterior view and corresponded 
to the lingular bronchi, seen in the broncho- 
gram. They were markedly depressed, 
running parallel to the heart border. Their 
origin from the upper pole of the depressed 
hilus was apparent. The diagnosis of left 
lower lobe collapse can be made from the 
posteroanterior chest roentgenogram alone, 
it these features are recognized. The left 
lateral chest roentgenogram was perfectly 
normal. 
DISCUSSION 

The value of precise and detailed analvsis 
of the pulmonary vessels as shown on rou- 
tine posteroanterior and lateral chest roent- 
genograms has been described. Unsus- 
pected lobar collapse occurs most fre- 
quently in the left lower lobe. The left 
lower lobe, when completely collapsed may 
be hidden behind the heart shadow and 
may not be demonstrable on anv of the 
routine chest roentgenograms. 
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Fic. 11. Case ту. Posteroanterior chest roentgeno- 
gram (Jan. 22, 1963) shows reduction in number of 
vascular shadows, mainly in left lower lung field. 
A paravertebral mass on the left is barely visible 
behind heart shadow. 
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Ес. 12. Case ту. Enlarged view of the left hilar re- 
gion. The spreading of the left upper lobe vessels 
is well visible. The lingular vessels are depressed. 
The paravertebral mass is indicated by two arrows. 


On the plain posteroanterior chest roent- 
genogram, the pulmonary arteries can 
usually be well identified. One should look 
for any difference in the general vascular 
pattern between the right and the left hilus 
andlung. Such a difference may at times be 
minimal, as shown in our Case ту. The rela- 
tive position of the hili is then observed. 
Such changes mav be difficult to evaluate. 
A detailed analvsis of the hilar vessels is 
then made, tracing each vessel separately 
as to origin and course. Changes in their 
distribution, course, number and caliber 
may be the onlv finding. 

The upper lobe vessels distribute to the 
posterior apical segment and to the anterior 
segment. This latter segmental arterv 
usually has a horizontal or slightly upwards 
arching course into the upper lung field. In 
Case п and ту, both showing almost com- 





Fic. 13. Case ту. Bronchogram (Jan. 23, 1963) shows 
good filling of bronchi in left lung. The anterior 
segmental bronchus of the upper lobe is markedly 
deflected downward. The two lingular bronchi are 


deviated downwards and medially, running 
parallel to the left heart border. The proximal por- 
tion of the left lower lobe bronchus and its main 
subdivisions are visualized. Almost complete col- 
lapse of the left lower lobe is apparent. 


plete collapse of the left lower lobe, this 
artery was strongly deflected downwards, 
indicating the lower lobe collapse. Simi- 
larly, deflection inferiorly and medially of 
the lingular branches of the pulmonary 
artery 1s noted in lower lobe collapse. These 
two arteries come to lie partlv behind the 
heart shadow and take a course parallel to 
the left heart border. The usually charac- 
teristically arching lower lobe artery cannot 
be identified in lower lobe collapse. Care 
must be taken not to mistake the lingular 
branches for the main lower lobe artery in 
lower lobe collapse. This differentiation can 
be made, if one is able to recognize, that the 
lingular arteries originate from the upper 
part of the left hilus. 

In collapse of the upper lobe, an apparent 
mass is very often identified, extending 
from the left hilus. The hilar vessels are 
elevated and are fanned out. The reduction 
in number of vessels per surface unit is 
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particularly striking if compared to the 
normal right side. Again, it 1s difficult to 
identify the main pulmonary artery 
branches. However, it is exactly this diffi- 
culty in exact identification which should 
alert the observer to the possibility of exist- 
ing lobar collapse. 


SUMMARY 


The detailed appearance of the vascular 
shadows in the left hilus in cases of lobar 
collapse of the left upper or lower lobe has 
been discussed. It has been pointed out that 
the normal vascular shadows of the pulmo- 
nary artery and its main branchings can be 
identified in adequate posteroanterior chest 
roentgenograms. The only sign of presence 
of lobar collapse may be a disturbance in 
the usual pattern of the pulmonary arteries 
and the impossibility to identify the various 
branches properly. 


Н. Е. У, Pribram, M.D. 
Department of Radiology 
University of Iowa 

lowa City, Iowa 


The authors express their sincere thanks to 
Mr. M. Meeuse of the photography department 
of the University of Alberta Hospital for his 
help in preparing the photographic prints. 
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ROENTGENOGRAPHIC ASPECTS OF HEMORRHAGIC 
PULMONARY-RENAL DISEASE 
(GOODPASTURE’S SYNDROME)* 


Ву К. С. SYBERS, M.D., Pu.D., J. L. SYBERS, M.D., 
H. A. DICKIE, M.D., and L. W. PAUL, M.D. 


MADISON, WISCONSIN 


| 1919 GOODPASTURE? reported the 
case of a young man who had repeated 
hemoptysis as a complication of influenza. 
At necropsy, gross pulmonary hemorrhage 
and glomerulonephritis were demonstrated. 
Stanton and Tange™ in 1958 reported 9 
cases of pulmonary hemorrhage associated 
with glomerulonephritis and suggested the 
term, Goodpasture’s syndrome. 

Since that time there has been a sufficient 
number of cases reported presenting this 
disease complex (hemorrhagic pulmonary- 
renal disease or Goodpasture’s syndrome) 
to warrant its being rezarded as a specific 
clinical entity. Saltzman, West and Cho- 
met! in 1962 reviewed the literature and 
collected 36 published cases of this syn- 
drome and added 3 of their own. Subse- 
quently, others!:?:67.8-9.11.15 have added sev- 
eral additional cases to the literature. It 1s 
the purpose of the authors to present 3 
cases with specific emphasis on the roent- 
genographic findings in the lungs. In each 
of these cases, there were repeated episodes 
of pulmonary hemorrhage with subsequent 
development of renal symptoms. 


REPORT OF CASES 


Case т. А 27 year old white male was hos- 
pitalized because of marked dyspnea. He had a 
history of productive cough with hemoptysis 
for a: least 1 year with the development of 
painless hematuria 1 month prior to admission. 
A chest roentgenogram (Fig. 1) 3 days prior to 
admission demonstrated bilateral nodular den- 
sities throughout the lung fields, ranging 1n size 
from a few millimeters to I cm. in diameter. 
'The nodular infiltrate was most pronounced in 
the central lung fields with a slight tendency for 
sparing of the apices. Physical examination re- 





Itc. 1. Case т. August 18, 7962: Three days 
prior to admission. 


vealed a pale, weak, white male. His tempera- 
ture was 98.8? F., pulse was 94/min., and respi- 
rations were 22 min. The blood pressure was 
140/80. Auscultation of the lungs revealed a 
few fine rales bilaterally. 

Laboratory studies were as follows: hemo- 
globin 6.4 gm./100 ml., hematocrit 20 per 
cent. The white blood cell count and differential 
blood cell count were normal. Urinalysis 
showed hematuria and proteinuria. The blood 
urea nitrogen was 97 mg./ тоо ml. Antistrepto- 
lysin-O titer was negative. Admission chest 
roentgenogram (Fig. 2) revealed the persistence 
of a fine granular reticular pattern, but the 
nodular densities had cleared considerably. In- 
travenous pyelography was done and there was 
no excretion of the contrast material during the 
first 15 minutes. A chest roentgenogram (Fig. 


* Frcm the Department of Radiology, University Hospitals, University of Wisconsin, Madison, Wisconsin. 
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Fic. 2. Case 1. August 27, 1965: On admission. 


3) the following day showed further clearing 
with complete disappearance of the small 
nodular densities previously noted. Only the 
fine granular reticular infiltrate remained. 

The patient was started on steroid therapy. 
However, his renal problem continued to 
worsen and peritoneal dialysis was instituted on 
the 7th hospital day. His condition gradually 
deteriorated and he expired on the 18th hospital 
day. A chest roentgenogram (Fig. 4) just prior 
to his death demonstrated the typical findings 
of pulmonary edema and congestion compat- 
ible with an azotemic lung. 

At autopsy, the right lung weighed 1,070 
gm., the left 870 gm. The pleural surfaces of 
both lungs were smooth and transparent. 
Crepitance was decreased throughout the lungs 
and there was noted a slight nodularity in some 
areas. The bronchi contained a thin frothy 
Яша. On cut surface the parenchyma was 
reddish-brown in color and there was extrusion 
of thin bloody fluid. Microscopically, there was 
noted patchy atelectasis and moderate to 
marked pulmonary edema. There were fresh 
intra-alveolar hemorrhages and many hemo- 
siderin-filled macrophages in the alveoli. Also 
noted were focal areas of fibrosis and thickening 
of the alveolar septa. There was no evidence of 
arteritis. 

The kidneys each weighed 375 gm. In each, 
the capsule was smooth and the cortex was pale 
with small areas of focal congestion. Micro- 
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Case 1. August 22, 1963: Second 
hospital day. 


Fic. 3. 


scopically, there was noted a marked prolifera- 
tion of the epithelial cells of Bowman’s capsule 
involving all glomeruli. Some of the glomeruli 
showed hyalinization with complete oblitera- 
tion of the glomerular tuft. The tubules were 
dilated and contained hyaline casts, red blood 
cells and red blood cell casts. The interstitial 
tissues showed a marked degree of edema with 
chronic inflammatory cells. There was no evi- 
dence of arteritis. 

Case п. A 19 year old white male was hos- 
pitalized because of the sudden occurrence of 
gross hemoptysis and dyspnea. A chest roent- 
genogram (Fig. 5) 3 days following the acute 
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Ес. 4. Case 1. September 9, 1963: Just prior 
to death. 





lic. 5. Case п. August 26, 1959: Three days 
following initial acute episode of hemoptysis. 


episode of hemoptysis revealed a bilateral pul- 
monary infiltrate with soft nodular densities 
measuring from a few millimeters to I cm. in 
diameter, in this case slightly more prominent 
in the right mid lung field and right lower lobe. 
Physical examination at the time of admission 1 
week later revealed a well developed 19 year 
old male in no acute distress. His temperature 
was 98.6? F., pulse was 96/min., respirations 
were 20/min., and the blood pressure was 
130/35. Auscultation of the chest revealed a 
few fine rales bilaterally. 





Fic, 6. Case п. September 2, 1959: On admission. 
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Laboratory studies were as follows: hemo- 
globin 7.3 gm.,/100 ml., hematocrit 27 per cent. 
Urine studies were within normal limits except 
for a slight trace of protein .o2 gm. per cent. 
The white blood cell count and differential 
blood cell count were normal. A chest roent- 
genogram (Fig. 6) at the time of admission 
showed considerable clearing of the nodular 
infiltrate with a fine granular infiltrate remain- 
ing in the right lower and middle lung fields. 
He was started on iron therapy with some im- 
provement clinically and on the 12th hospital 
day his chest was clear and he was discharged. 

Two weeks later he was re-admitted to the 
hospital following another acute episode of 
hemoptysis at which time hematuria was also 
present. On physical examination his tempera- 
ture was 100° F., pulse was 108/min., respira- 
tions were 29/min., and the blood pressure was 
190/90. Auscultation of the chest again re- 
vealed the presence of a few rales at the right 
base. 

Laboratory studies were as follows: hemo- 
globin 8.6 gm./100 ml., hematocrit 28 per cent. 
The white blood cell count and the differential 
blood cell count were normal. Urinalysis 
showed albumin o.1 gm. per cent and there 
were many red blood cells and red blood cell 
casts in the urine. A repeat urinalysis on the 
following day showed a 0.2 gm. per cent albu- 
min and again gross hematuria. Blood urea 
nitrogen was I8 mg./1oo ml. Renal function 
studies revealed 15 per cent excretion of phe- 
nolsulfonphthalein in 3 specimens. Urine cul- 
tures and blood cultures were negative. Lupus 
erythematosus preparations were negative on 
3 occasions. The *admission chest roentgeno- 
gram (Fig. 7) showed a recurrence of the nodu- 
lar infiltrate in the right lower lobe. Intraven- 
ous pyelography revealed the right kidnev to be 
definitely enlarged with diminished function. 
There was no evidence of a kidney on the left. 
A scalene muscle biopsy was normal. A progress 
chest roentgenogram (Fig. 3) on the 19th hos- 
pital day revealed considerable clearing of the 
infiltrate in the right lower lobe. The patient's 
renal problem, however, continued to worsen 
and the blood urea nitrogen rose to 78 mg.; тоо 
ml. On the 2oth hospital day the patient expired 
in pulmonary edema. 

At autopsy, the lungs were congested with 
multiple pulmonary hemorrhages and edema. 
Microscopically, many of the alveoli were filled 
with macrophages containing hemosiderin, red 


Fic. 7. Case п. October 6, 1959: Re-admission 


following recurrence of hemoptysis. 


blood cells and small round cells. In some re- 
gions there were thickening and fibrosis of the 
intra-alveolar septa. 

There was a single kidney on the right which 
weighed 700 gm. The capsule was smooth, re- 
vealing a pale cortex with numerous petechial 
hemorrhages. Microscopically all the glomeruli 
were involved with a pronounced cellular pro- 
liferation of the epithelial cells of Bowman’s 

capsule. Many of the glomeruli had undergone 

partial to complete fibrosis. Many of the tubules 
were dilated and contained red blood cell casts 
and hyaline casts. There was no evidence of 
vasculitis. 


Case Ш.* А 21 year old white male was 
hospitalized with marked dyspnea which had 
been progressive for 3 months following a es 
of influenza. History revealed that he had : 
productive cough with intermittent hemoptysis 
for 3 years. Physical examination revealed ; 
well developed white male who was pale but i 
no acute distress. His temperature was 98.6? 
F., pulse was 120/min., respirations were 24/ 
min., and the blood pressure was 140/70. 
Evamimstiun of the chest revealed a few in- 
spiratory rales at the right base. 

Laboratory findings were as follows: hemo- 
globin 5.7 gm./1o0 ml., hematocrit 16.5 per 
cent, reticulocyte count 7.1 per cent. Bleeding 


* For a detailed discussion of the medical aspects of Case 11, 
refer to Azen, E. A. and Cuaraworr, D. У. Prolonged survival 
in Goodpasture’ s syndrome. Arch. Tii, Med., 1964, 114, 453-460. 
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Fic. 8. Case п. October 16, 1959: Progress roent- 
genogram 10 days following second admission. 


time and clotting time were normal. Serum 
iron was 0.045 mg. per cent. Fasting blood 
sugar, blood urea nitrogen, serum electrolytes 
and serum proteins and A/G ratio were normal. 
Repeated sputum examination showed cells 
laden with hemosiderin. Skin tests for tuber- 
culosis and fungi were negative. The admission 
chest roentgenogram (Fig. 9) revealed a fine 
granular hazy infiltrate involving both lungs 
most marked in the central areas with less 
prominence at the bases and apices. 
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1961 : On admission. 
(Reproduced with permission of Arch. Int. Med.) 


Fic. 9. Case ш. December 13, 


678 





Fic. то. Case ш. December 37, 1961: Bedside roent- 
genogram during acute episode of hemoptysis. 


The patient was started on a course of iron 
therapy and after 2 weeks of treatment im- 
proved clinically so that he was allowed to 
leave the hospital on a 2 day pass. However, 
within 24 hours he developed acute respiratory 
distress with hemoptysis, fever and chills, and 
returned to the hospital. His blood pressure 








Fic. 11. Case ш. January 4, 1962: Progress roent- 
genogram 4 days following acute episode of 
hemoptysis. 
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Fig. 12. Case ш. February 3, 1962: Second ad- 
mission following recurrent hemoptysis. 


was 114/56, pulse was 136/min., respirations 
were 42/min., and temperature was 99.8° Е. 
There were inspiratory rales over both lungs. 
A chest roentgenogram (Fig. 10) taken.at the 
bedside showed multiple conglomerate nodular 
densities measuring up to a centimeter and 
a half in diameter throughout both lung 
fields. Because of a sharp drop in hematocrit, 
the patient received 4 units of whole packed 
cells and was started on steroid therapy. His 
clinical condition gradually but steadily im- 
proved and a chest roentgenogram (Fig. 11) 4 
days later demonstrated considerable clearing 
of the nodular densities. He was continued on 
steroid therapy and a few days later was dis- 
charged from the hospital. 

Three weeks following his discharge from the 
hospital, he was re-admitted because of recur- 
rent hemoptysis. Physical examination at this 
time revealed rales over both lungs. 

Laboratory findings were as follows: hemo- 
globin то gm./10o ml., blood urea nitrogen 37 
mg. per cent. Urinalysis showed a trace of pro- 
tein and many red blood cells. The phenolsul- 
fonphthalein excretion test showed delayed ex- 
cretion. Lupus erythematosus preparations 
were negative on several occasions. An intra- 
venous pyelogram was interpreted as normal. A 
chest roentgenogram (Fig. 12) at the time of 
this admission showed a recurrence of the bi- 
lateral nodular infiltrate. 

While in the hospital, the patient was main- 
tained on steroid therapy. A renal biopsy was 
done which showed changes of early prolifera- 
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1962: 


February 10, Progress 


Fic. 13. Case ш. 
roentgenogram 2 weeks following second admis- 


sion. 


tive and membranous glomerulitis. A progress 
chest roentgenogram (Fig. 13) 2 weeks after 
admission showed complete clearing of the pul- 
monary infiltrate and the patient was dis- 
charged from the hospital. Since that time, the 
patient has been continued on steroid therapy 
and the pulmonary disease appears to be under 
control. A second renal biopsy in November, 
1962, 9 months following the initial renal 
biopsy, showed no progression of the renal dis- 
ease. He has been followed at regular intervals 
in the outpatient clinic and chest roentgeno- 
grams (Fig. 14) have remained clear. Although 
microscopic hematuria has persisted, there has 
been no other clinical evidence to indicate pro- 
gression of the renal disease. 


DISCUSSION 


Although hemorrhagic pulmonary-renal 
disease 1s recognized as a distinct clinical 
entity, the underlying disease process has 
vet to be clarified. 

Parkin e£ a/.'° and others? have suggested 
that the changes seen may be secondary to 
a generalized hypersensitivity reaction 
which produces an acute necrotizing alveo- 
litis resulting in repeated episodes of pul- 
monary hemorrhage. 

Various drugs (including penicillin) and 
antigens have been implicated as possible 
causative agents. In 1963 Lundberg® sug- 
gested that a pre-existing nephritogenic 
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lic. 14. Case ш. February 22, 1963: One year fol- 
lowing last episode of hemoptysis. (Reproduced 
with permission of Arch. Int. Med.) 


streptococcal infection might have served 
as an etiologic factor in the case he re- 
ported. 

The similarity between the pulmonary 
manifestations of hemorrhagic pulmonary- 
renal disease and idiopathic pulmonary 
hemosiderosis has led to the suggestion that 
the two conditions may actually represent 
different manifestations of the same patho- 
logic process (Rusby and Wilson,? Canfield 
et al.*), 

The relationship of Goodpasture’s syn- 
drome to polyarteritis nodosa is confusing 
because many of the cases reported have 
demonstrated the typical changes of poly- 
arteritis at autopsy. It has, in fact, been 
questioned whether or not Goodpasture’s 
syndrome is ever anything other than a 
manifestation of vasculitis.’ However, it is 
generally felt that the presence of vasculitis 
IS atypical. 

Clinically, the cases reported have been 
remarkably similar. The patients almost 
always are young adult males with a his- 
tory of repeated episodes of hemoptysis and 
subsequent development of glomeruloneph- 
ritis which is rapidly fatal. The diagnosis 
depends on an accurate clinical historv 
correlated with roentgenographic and labo- 
ratory findings. In the absence of specific 
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therapy, steroids have been widely used 
and the results were often disappointing." 
However, there are 3 reported cases (not 
including the 1 in this report) in which 
steroids have been beneficial in arresting 
the disease process.9)?!5 In these cases 
steroid therapy was instituted before severe 
renal disease was manifest clinically. It is 
the feeling of those authors who propose 
steroid therapy that with earlier diagnosis 
and earlier initiation. of treatment more 
long term survivors may be expected in the 
future.?: 49.16 


SUMMARY 


Three cases of hemorrhagic pulmonary- 
renal disease are presented with correlation 
between the clinical course and the roent- 
genographic changes in the lung. The 
roentgenographic appearance of the lungs is 
basically the same as that observed with 
idiopathic pulmonary hemosiderosis. Dur- 
ing the acute episodes of hemoptysis, there 
are ill-defined multiple nodular densities 
bilaterally which disappear within a few 
days. Characteristically, the pattern 1s one 
of perihilar distribution with a tendency to 
spare the apices and bases. Chest roent- 
genograms taken between the acute epi- 
sodes show an increase in the interstitial 
markings characterized by a finely granular 
appearing reticular accentuation through- 
out the lungs. 

In spite of the rapidly fatal course of the 
disease in the past, it is felt that early recog- 
nition of this condition and prompt institu- 
tion of steroid therapy may offer a more 
hopeful prognosis to these patients in the 
future. 


Robert G. Sybers, M.D. 
Department of Radiology 
Emory University 
Atlanta, Georgia 
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THE DIAGNOSIS OF TUMORS OF THE THORAX 
WITH INCLINED TOMOGRAPHY* 


By THEODOR LAUBENBERGER 


HOMBURG (SAAR), GERMANY 


HE aim of the author is to acquaint 

radiologists with the combined use of 
inclined frontal tomography and inclined 
sagittal tomography in the diagnosis of 
tumors of the thorax. 

On tomograms of the lungs, the trachea 
and the bronchi are the best standards for 
purposes of orientation. In most cases it is 
possible to demonstrate these hollow organs 
in their entire length on a single tomogram 
with ordinary tomographic technique; how- 
ever, with inclined tomography exposures 
can be made in all planes. Frain e 41, 
and Тетрни and  Pazienza? proposed 
planes in which the trachea and the main 
branches of the bronchi are completely 
demonstrated; these were termed by 
kováts and Zsebok' the characteristic 
planes. It has been our experience that, 
using the characteristic planes of the lungs, 
more information about intrathoracic pa- 
thologv can be gained with inclined tomog- 
raphy than with conventional tomography. 
In the characteristic frontal plane (Fig. 
18), the roentgen ray cuts through the 
trachea and the main branches of the bron- 
chial tree. In the characteristic right and 
left sagittal planes, the beam cuts beginning 
at the trachea through the main bronchus 
and the branches of the lower lobe bronchi 
of the respective side (Fig. т, Z and С). 

Frain et al., who developed the inclined 
frontal tomography, and other French 
authors, who also employed the method, 
performed their investigations with the 
Radiotome (Massiot) and  Pantomix 
(C.G.R.). We made use of the Siemens- 
lransversal-Planigraph and constructed a 
device by which proper inclination of the 
film could be obtained (Fig. 2, 4 and B). 

теу! used a similar method; Szenes? 
inclined the film in the planigraph; Kováts 


* From the Department of Radiology of the University of the Saarl 


and Zsebck, and Voigt?! suggested equal- 

izing the inclination angle of the frontal 

tracheobronchial plane by positioning the 

patient. The desired planes should parallel 

the moversent of the tomograph. 
TECHNIQUE 

The examination is carried out with the 
patient in a sitting position. Figure 2 is a 
diagram cf the procedure. During roent- 
genographic exposure the tube is fixed so 
that the path of roentgen rays is horizontal. 
A 220 cm. focus-film-distance and << cm. 
object-film-distance are used. А coordi- 
nated contrarotating movement is obtained 
between the patient and the film. The 
geometric scheme of the arrangement is 
shown in Figure 3. The body plane, which is 
the same distance from the center of the 
revolving chair as the film from the center 
of the film holder, is drawn in a heavier line 
than the rest of the figure. The supposed 
point р (Pr, рэ, рз are various phases of the 
movement) of the plane is constantly pro- 
jected on the same spot on the film during 
rotation. Every point which is outside the 
plane will be blurred. 

The desired plane is adjusted bv chang- 
ing the distance of the film from the center. 
During a constant rotating speed, the 
tomographic angle is determined by the 
duration of roentgenographic exposure. For 
the examination of the lungs, we generallv 
choose an angle of 60 degrees. For frontal 
tomograms the inclination angle—that 
formed by the trachea and the vertical 
body axis—is determined bv the profile 
roentgenogram of the thorax and the film is 
inclined at the film-holder accordingly. The 
lateral inclination angles—those formed by 
the main and lower lobe bronchi and the 
median plane—are determined by the 


and, Director: Professor Dr. F, Sommer. 
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Fic. 1. Diagrams showing (4) the right characteristic sagittal plane, (8) the characteristic frontal plane, 
and (C) the left characteristic sagittal plane. (4 and B reproduced with permission of Fortschr. a. d. Ged. d. 
Réntgenstrahlen и. d. Nuklearmedizin.”") 


inclined frontal tomogram. The postero- 
anterior thorax roentgenogram cannot be 
used because of the geometric distortion of 
the tracheobronchial plane. Studies have 
shown a difference of more than Io degrees 
between the inclination angles of the nor- 
mal chest roentgenogram and those on the 
inclined frontal tomograms. 


ADVANTAGES 


г. Inclined tomography may be рег- 
formed while the patient is sitting or stand- 
Ing. 

2. The patient and film are rotated using 
the Vallebona? and Bozzetti? principle. 
Greater areas of the body, therefore, are 
blurred than in conventional tomography. 
For example, the spine is completely 
blurred and a better study of the vessels 
and of the enlarged lymph nodes of the 
mediastinum is obtained. 

3. The sweeping angle can be varied 
from o-180 degrees with an automatic 
switch. 





INCLINED FRONTAL 
TOMOGRAPHY 
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Fic. 2. Sketches of the positioning for (4) inclined 
sagittal tomography and (B) inclined frontal 
tomography. 
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4. With the film-holder the inclination of 
the film can be regulated. 

с. Generally, a single tomogram using a 
characteristic plane reveals most changes of 
the bronchial tree, vessels and lymph 
nodes. In comparison with the conventional 
method, the radiation dose to a patient 1s 
greatly reduced. 


DISCUSSION 
INCLINED FRONTAL TOMOGRAPHY 

For a characteristic inclined frontal 
tomogram an inclination of 15 to 20 degrees 
to the vertical bodv axis 1s used. The tra- 
chea, main bronchi and their branches, the 
apical and posterior segmental bronchi of 
the upper lobe bronchi, and the lateral and 
posterior segmental bronchi of the lower 
lobe bronchi are visualized. However, only 
a short part of the lingula bronchus 15 in- 
cluded and the middle lobe bronchus 1s 
blurred, since it is outside the plane (Fig. 
4B). 

A great advantage of this method 1s 
ready-demonstration of enlarged lymph 
nodes in the case of bronchial carcinoma 
with metastatic formation. With the con- 
ventional planigraphic method there 15 
little possibility of visualizing enlarged 
lymph nodes in the mediastinum since the 
dense spine lying behind them cannot be 
blurred sufficiently. Other useful applica- 
tions are the differentiation of vessels in 
various layers and the identification of 
pathologic changes. Thus, in a characteris- 
tic inclined frontal tomogram, deviations of 
hollow organs, changes in the tracheal and 
bronchial walls, enlarged lymph nodes of 
the mediastinum and interbronchial areas, 
changes of the pulmonary vessels and shad- 
ows caused by infiltrations of the lungs 
can be recognized. Figure 5 shows a trachea 
displaced by a calcified struma nodosa. The 
aorta and the arteria pulmonalis are cut on 
orthograde; and they are broadened and 
their walls are partly calcified. 


INCLINED SAGITTAL TOMOGRAPHY 
In the characteristic inclined sagittal 
tomograms, the trachea, main bronchi and 
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Fic. 3. Geometric scheme of the procedure. 


the lower lobe bronchi are cut (Fig. 4, .7 
and C). The inclination of the left charac- 
teristic sagittal plane to the vertical body 
axis is 35 to со degrees and of the right 25 to 
35 degrees. The left main bronchus is a 
little shortened because of a small geomet- 
ric distortion. The upper lobe bronchi are 
outside the plane and cannot be demon- 
strated. The trunci and many of the 
branches of the inferior vena and arteria 
pulmonal:s can be visualized. 

Pathologic changes of the bronchi are 
discovered more readily than with other 
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Fic. 4. Drawings showing (4) the right inclined sagittal plane, (B) the inclined frontal plane, and (C) the 
left inclined sagittal plane. (4 and B reproduced with permission of Fortschr. a. d. Geb. d. Rüntgenstrahlen 
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methods. Usually, neoplasias and their 
secondary manifestations, atelectasis, ob- 
structive pneumonia, and dislocation of 
bronchi or vessels are demonstrated on a 
single tomogram. 


COMBINED METHOD 


Figure 6, 4 and B is a study obtained 
with a combination of inclined frontal and 
inclined right sagittal tomography. The 
distal part of the bronchus intermedius is 
obstructed and the dense tissue of a bron- 
chial carcinoma is demonstrated on the 
inclined frontal tomogram. The full extent 
of the tumor and the secondary atelectasis 
of the posterobasal and the anterobasal 
segments are seen on the inclined right 
sagittal tomogram. The lower lobe bronchi 
and segmental bronchi as well as the proxi- 
mal part of the middle lobe bronchus are 
narrowed; their walls are thickened by the 
infiltrating tumor. 

Figure 7, 4 and B shows in the left pos- 
terobasal segment a tumor causing dis- 
placement of the normal structures. On the 
inclined frontal tomogram, the proximal 
part of the lower lobe bronchus is visible 
but the distal part lies outside the plane. 
The interaortopulmonary space is broad- 
епес bv enlarged lymph nodes. The left 
inclined sagittal tomogram shows the situa- 


tion more clearly. A spherical tumor in the 
posterobasal segment spreads the subseg- 
mental bronchi of the posterior segment. 

It is known that in tomography more 
detailed information about dense tumor 
masses can be obtained by using a large 
sweeping angle. Figure 8, Æ and В was 
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Fic. 5. Inclined frontal tomogram of a 64 year old 
patient with a calcified struma nodosa and sclerosis 
of the pulmonary vessels. 
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Fic. 6. A 40 year old patient with a squamous epithelium carcinoma of the branching area of the right lower 
lobe bronchus. (4) Inclined frontal tomogram; (8) right inclined sagittal tomogram. 
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Fic. 7. А £6 year old patient with an undifferentiated epithelium carcinoma in the left posterobasal segment. 


(4) Inclined frontal tomogram; (B) left inclined sagittal tomogram. 
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Fic. 8. А 59 year old patient with a large сућпагосе шаг carcinoma of the right upper lobe bronchus. 
(4) Inclined frontal tomogram; (8) right inclined sagittal tomogram. 





110. 9. A 62 year old patient with a squamous cell carcinoma of the left upper lobe with intramural infiltration 
of the wall of the left lower lobe bronchus. (4) Inclined frontal tomogram; (8) left inclined sagittal 
tomogram, 
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made with an angle ot 60 degrees and shows 
a large bronchial carcinoma of the right 
lung. The narrowed bronchi and the wall 
infiltration are distinctly visible. 

Wall infiltrations of the bronchi with 
stenosis are also well demonstrated. Figure 
9,7, an inclined frontal tomogram, shows 
the shadow of a bronchial carcinoma at the 
branching of the upper lobe bronchi. In 


FiG. 10. A 43 year old patient with lympho- 
granulomatosis, enlargement of lymph nodes 
of the mediastinum and of the interbron- 
chial areas. (4) Inclined frontal tomogram; 
(B) right inclined sagittal tomogram; (C) 
left inclined sagittal tomogram. 


Figure 95, an inclined left sagittal tomo- 
gram, 1t 1s evident that the tumor has al- 
readv infiltrated the wall of the lower lobe 
bronchus. 

Enlarged Iv mph nodes in various areas 
are easily seen on inclined. tomograms. 
Figure то shows the tomograms of a patient 
with lymphogranulomatosis. The inclined 
frontal tomogram (4) demonstrates en- 
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larged lymph nodes of the paratracheal, 
interaortopulmonary, intertracheobronchial 
and parts of the interbronchial areas. Most 
of the interbronchial areas are better visible 
on the inclined right (B) and left (C) sagit- 
tal tomograms. 


SUMMARY 


The technique of inclined tomography, 
for the diagnosis of tumors of the thorax is 
described. Its advantages as compared to 
conventional tomography are discussed 
and illustrative examples are given. 
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ERRORS IN DIAGNOSTIC RADIOLOGY* 
ON THE BASIS OF COMPLACENCY 


By MARCUS J. SMITH, M.D. 


SANTA FE, NEW MEXICC 


$< 


. let every student of nature take this 
as a rule: that whatever his mind seizes and 
dwells upon with particular satisfaction is to 
be held in suspicion...” 

== Francis Bacon 


LTHOUGH much excellent work has 


been done 1n assessing the accuracy of 
diagnostic examinations? and the nature of 


perceptual error, very little has been 
accomplished in exploring what Garland 
referred to as the “unexplained human 
equation 1n diagnostic procedures.” In this 
presentation an attempt is made to evalu- 
ate the human error in a very specific, 
nonteaching radiologic practice, with both 
small hospital and office services. Included 
are a description of the method of obtaining 
material, a broad classification. of all 
(Known) errors in 6 general categories, and 


a detailed description, with comments, of 


the varied manifestations of the first of 
these categories—errors attributed to the 
attitude of complacency. 


METHODS 


The two major sources of knowledge of 


errors were clinicians and radiologists. 
Clinicians often volunteered information 
but more often had to be queried as to the 
outcome of a specific case. Of the volun- 
teered data, it was of interest to note that 
most came from those referring physicians 
who were in the habit of looking at roent- 
genograms of their own patients. Surpris- 
inglv little information. was revealed bv 
postmortem examinations. 

Of the information supplied by radiolo- 
gists, most was from a personal file of long 
duration, also containing errors noted by 
regional radiologists. More recently, an 

* p 
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incomplete form of double reading was 
used, based on the daily changing of loca. 
tion of radiologists. This method permitted 
considerable cross-checking of interpreta- 
tions and proved to be very productive in 
uncovering radiologic errors. A review of 
the last 100 recorded errors shower that 72 
per cent were revealed by this process. Two 
minor sources of information were the 
occasional perceptive technician in a rural 


installaton and (fortunately rare) the 
disgruntled patient returning from "else- 


where." 

The study does not provide a figure for 
total error, since a complete follow-up and 
continucus double reading were not feasi- 
ble. However, a supplementary study was 
obtained, in which there was double read- 
ing of 300 consecutive office examinations. 
Disagreements totalled 30 per cent of all 
interpretations. Since most errors were 
found by dual reading, the guarded as- 
sumption was made that total error is 
probably close to this figure, and not too 
dissimilar to statistics presented for errors 
in many varied radiologic and nonradio- 
logic precedures.?:1**39 Tt should be em- 
phasized that the impressions and statistics 
presented in this paper cannot and should 
not be extended to апу radiologic practice 
elsewhere. 

Several impressions obtained during this 
period seem worth recording. One 15 rele- 
vant to the group discussions by radiolo- 
gists that often follow the discovery of an 
error. These discussions encourage study 
and constructive thinking in areas not 
customarily scrutinized. Another concerns 
the accelerated findings of errors when it 1s 
known that such an interest exists. It also 
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seems probable that the actual pursuit of 
errors of others improves one's own critical 
and discriminating abilities; it also pro- 
duces occasional feelings of insecurity about 
personal ability, and resignation to the 
unhappy prevalence of error. 


CLASSIFICATION 


A classification of the causes of error was 
attempted. All errors were basically those 
of commission or omission. Furthermore, 
all of them could be placed into a false 
negative group (under-reading), a false 
positive group (over-reading), or a false 
emphasis group (misinterpretation). This 
grouping did not help in understanding the 
nature of the enemy, and other classifica- 
tions were sought. The Seven Deadly Sins 
seemed quite practical, but were discarded 
since no instance of (radiologic) error could 
be attributed to the Sin of Lechery. 

In searching the literature, the early 
classification of medical errors by Browne 
was found, as reported by Beanj? then the 
four Idols, or false notions of men, of 
Bacon,’ and in more recent years, the ex- 
tensive listing by Bean. None of these 
classifications was 1deal, probably because 
most errors, like diseases, have no single 
cause, and an ideal grouping should be one 
in which the categories are mutually exclu- 
sive. With credit to the three B's, the some- 
what oversimplified but workable classifica- 
tion seen in Table 1 was then devised. 
(Bean's contributions will be noted in dis- 
cussion of the separate classes.) This classi- 
fication is based on the arbitrary and sub- 
jective assignment of each instance of error 
into one or another of the 6 subheadings. 
The subheadings are self-explanatory and 
are the presumed basic causes of errors. 
Class 1 errors are the subject of the present 
paper. It is hoped that the errors assigned 
to Classes по to vi will be the subjects of 
future communications. 


CLASS I: ERRORS CAUSED 
BY COMPLACENCY 


The meaning of “complacency” is best 
expressed in the following sentence by 
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Tase I 
Cause Browne (re- 
Class of Bacon! ported by 
Error Bean?) 
I Complacency Idols of Cave ^ Authority 
Popular 
Conceits 
II Faulty Idols of Misapprehen- 
Reasoning Theater sion 
III Lack of Human Nature 
Knowledge 
IV Faulty Idols of Tribe Credulity 
Perception 
V Poor Com- Idols of Market 
munication Place 
VI Unknown Endeavors of 


Miscellaneous Satan 


Fowler :* “Не is complacent who is pleased 
with himself or his state, or with persons 
and things as they affect him." It is sug- 
gested that the following 10 types of errors 
all derive from complacency and its corol- 
lary, the settled mind. It should also be 
pointed out that they are predominantly 
examples of over-reading (false positive) 
and misinterpretation. 


I, THE UNJUSTIFIED INFERENCE THAT A LEGITI- 
MATE ROENTGEN ABNORMALITY IS THE CAUSE 
OF THE PATIENT'S DISTRESS 


Occasionally, the disorder that has been 
found is the lesser part of the patient’s 
disease or is not at all related to his impor- 
tant problem. In this situation the clinician 
is diverted from his real goal of finding out 
“not only what the patient has got, but 
what the patient is suffering from." 

Figure 1 shows the esophageal diverticu- 
lum of a 60 year old man who complained of 
tightness in his throat, weakness, a 14 
pound weight loss, and a moderately severe 
anemia. Could the diverticulum cause the 
anemia? The radiologist thought that this 
was possible, either as the source of chronic 
bleeding or in some manner similar to the 
Plummer-Vinson syndrome. On admission 
for extirpation, other clinical features were 
recognized and bone marrow smears were 
compatible with pernicious anemia. The 
significant clinical condition had almost 
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been obscured by the overly presumptuous 
radiologic opinion. 

Comment. Improvement in this category 
would seem to lie in thorough interdepart- 
mental or consultant Such 
conferences are rare 1n our practice as a 
result of the heavy pressure of routine 
work. Our impression is that many clini- 
cians, also harried and restricted by bound- 
aries of schedule and demands of patients, 
are uncritical acceptors of roentgenologic 
reports. 


discussions. 


2. APPARENT ALTERATIONS OF NORMAL ANATOMY 
INTERPRETED AS DISEASE STATES 

Of the innumerable anatomic variants 
that border on the normal, the most 415- 
turbing at the postgraduate level are in the 
duodenum, stomach and low back. 

In the lumbar spine, the local radiologists 
and orthopedists cannot agree among them- 
selves as to the presence or significance of 
the orientation or contour of facets, acute- 
ness of the lumbosacral angle, dimensions 
of the lumbosacral interspace, and to a 
lesser extent, variations of spinous and 
transverse processes. In the roentgenogram 
shown in Figure 2, the radiologist reported 
“relative narrowing of the lumbosacral 
interspace.” Eventual treatment of this 
patient would then depend on the aggres- 
siveness of the consultant, or employment 
could be denied if this were part of a pre- 
employment study. Some authors put 
much credence in these findings,” while 
others deny their significance. > That 
all of these findings are present in varying 
percentages of normal subjects supports the 
contention that they represent variants of 
little or no importance. Industrial and 
medical-legal pressures favor over-reading, 
as do the equivocal statements in text 
books. Too few fundamental correlative 
studies are available. 

Over-reading of the normal mucosa of 
the stomach and duodenum leads to the 
erroneous diagnoses of gastritis and duo- 
denitis. One hundred consecutive gastro- 
intestinal examination reports were re- 
viewed and gastritis was found reported in 
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Fic. І. 


Esophageal diverticulum presumed to be 
cause of anemia. (Reproduced with permission 
from the Rocky Mountain M. F., May, 1961.) 





hic. 2. Lateral view of lumbosacral spine reported 
as "narrowed lumbosacral interspace.” 


17 per cent and duodenitis in 13 per cent. In 
contrast, authorities such as Bockus? and 
Templeton” feel that the roentgenologic 
findings in both of these conditions are 
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indistinct and that these diagnoses should 
rarely be made. In Figure 3, 4 and B the 
diagnoses of both gastritis and duodenitis 
were made roentgenologically. The patient 
died of a coronary thrombosis 1 month 
after his examination, and at autopsy, the 
stomach and duodenum were entirely nor- 
mal. Figure 4, 7 and В shows a 73 year old 
man who was thought to have duodenitis. 
His symptoms persisted and 3 weeks later 
a re-examination showed an esophageal 
ulcer (Fig. 4 C), missed originally, and a 
normal duodenum. 

Comment. There has been some reduction 
in over-reading of minor low-back altera- 
tions, but little change in attitude toward 
gastritis and duodenitis. It is of value to 
review etiologic studies, such as Temple- 
ton's. Another, by Ghormlev," evaluated 
2,000 patients with low back pain and 
sciatica. He did not even list the lumbo- 
sacral angle in this study, feeling that it was 
of doubtful significance. 

3. THE LABELLING OF PHYSIOLOGIC VARIATIONS 

AS ABNORMAL 

These errors arise with disturbing per- 

sistence in interpretation of children’s chest 
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Fic. 3. Roentgenologic diagnoses of gastritis and duodenitis. (4) No specific deformity is seen on this roent- 
genogram of the upper gastrointestinal tract. (B) Spot roentgenograms of the duodenal bulb showed ana- 
tomic variation of the postbulbar mucosa. Spot roentgenogram of the gastric fundus (lower right corner) 
showed “prominent” mucosa. At autopsy, 1 month later, no abnormality was found in the stomach or 


duodenum. 
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roentgenograms, in difterentiating senes- 
cence (physiologic aging) from senility, 
and, perhaps most seriously, in the pseudo- 
ulcer diagnoses of the duodenal bulb. As in 





Itc. 4. Roentgenologic diagnosis of 
duodenitis. (4 and B) Serial roent- 
genograms showed normal variation 
of duodenal bulb mucosa. (C) Three 
weeks later, after progressive symp- 
toms, the missed esophageal ulcer was 
evident. The duodenum was normal. 


4 





the preceding category, a sense of satisfac- 
tion is derived from attaching a label to a 
roentgenographic finding; perhaps this is 
based cn the gratification of identifying 
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Fic. 5. Over-reading of senescent changes. (4) Spurs of lumbar spine called “osteoarthritis.” “Cystitis” un- 
justly inferred from this late pyelogram. (B) Fifteen minute pyelogram of another elderly patient. Diag- 
nosis of “‘cystitis” was made because of thickening of bladder wall. 


with the clinician or patient. 

Some of the wear-and-tear changes in the 
aged, occasionally over-read as diseases, are 
seen in Figure 5, 4 and В. Indicating that 
osteophy tes are evidence of osteoarthritis 1s 
a common occurrence. while it is well 
known that thev are representative of 
protective senescent processes. Attaching 
undue significance to the usual visible 
medial vascular scleros:s also 1s common- 
place, without regard to the presence or 
absence of peripheral vascular obstruction. 
An attempt should be made? to distinguish 
medial from intimal vascular calcification. 
In both of these patients in Figure 5, 4 and 
В, the diagnosis of “cystitis? was made by 
two different radiologists after noting or 
presuming the presence of a thickened 
bladder wall or increased trabeculations. 
However, these signs are only evidence of 


hvpertrophy of the bladder muscles.? Simi- 
larly noted has been the over-diagnosing of 
senile osteoporosis, senile emphysema (Fig. 
6) and bronchitis from single roentgeno- 
grams and without clinical reference. 

In babies one of the common and persist- 
ent errors occurs in evaluating the chest. If 
the roentgenogram is made 1n expiration, 
the apparent cardiomegaly is still a. bug- 
bear, although it is a well-known phenome- 
non, and the centra! lung area haziness 1s 
often misinterpreted as inflammatory dis- 
ease. Figure 7,7 was so misinterpreted in 
this patient; in Figure 78, made later the 
same dav, the normal appearance 1n inspi- 
ration is clearly evident. In Figure 84, the 
radiologic report read: “cardiomegaly, 1n- 
creased lung markings, bronchitis and 
probably pneumonia.” In Figure 88 of the 
same baby made 2 weeks later, 1t becomes 
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quite clear that the previous roentgeno- 
gram was made in expiration and that the 
multiple diagnoses were unwarranted. 

In the duodenum, peristaltic waves, 
physiologic variations of filling interpreted 
as spasm or irritability, and indentations 
by neighboring structures, such as the 
gallbladder, are frequently misinterpreted 
as evidence of duodenal ulcer, using such 
qualifying adjectives as "minimal," “рге- 
sumptive," or "possible." The implication 
to the clinician is that there is an obscure 
ulcer or a pseudoulcer syndrome. Figure 9, 
4-Р shows a duodenum reported as being 
ulcerated by 3 different radiologists on 4 
examinations. At a subsequent emergency 
operation, a bleeding esophageal varix was 
found as was a normal duodenum. Figure 
10, 4 and В shows the bulb of another 
patient in whom the diagnosis of duodenal 
ulcer was returned after 3 roentgenologic 
examinations, on improper criteria. At 
operation, the bulb was normal, and local- 
ized collagen disease of the jejunum was 
found. 

Comment. Reports of 100 gastrointestinal 
series were studied and showed that duo- 
denal ulceration was intimated in 8 per cent 
and an additional § per cent of cases were 
labeled ulcer without demonstration of a 
crater. Part of the error is in assuming that 
physiologic variations can be secondary 
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liG. 6. Roentgenologic diagnosis of senile emphy- 
sema, based on this single roentgenogram. There 
was no nvestigation of diaphragmatic motion, 
size of chest or status of the patient. 


signs of duodenal ulcer. Many of these 
errors would not occur if one really believes 





Гіс. 7. (4) Expiration chest roentgenogram. (В) Inspiration chest roentgenogram of the 
same patient, made the same day. 
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Гіс. 8. (4) Expiration chest roentgenogram. (В) Inspiration chest roentgenogram of 
same patient, 2 weeks later. 


that secondary signs of duodenal ulcer are Dual reading also helps to eliminate 
of little value, as pointed out by many | some of these errors. One hundred consecu- 
authorities, and particularly in a recent tive gastrointestinal examinations were so 
critical study by Stein e£ al.” studied and patients were recalled for re- 





hic. 9. (4 and B) Serial roentgenograms 
of the duodenal bulb. (C and D) Spot 
roentgenograms of same patient show 
indentation (arrows) of apical portion of 
bulb, interpreted as evidence of duodenal 
ulcer. The patient was explored for bleed- 
ing and an esophageal varix was found 
The duodenum was normal. 
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Frc. то. Over-reading of physiologic variations. (4) Apparent “spasm” of the bulb led to erroneous diagnosis 
of duodenal ulcer. (B) Same patient, but different examination. “Spasm”’ still reported, despite distensibil- 
ity. Barium trapped in a fold was interpreted as evidence of ulcer. Three examinations were recorded as 
duodenal ulcer, At operation, the duodenum was normal and collagen disease of the jejunum was found. 


peat procedures when one observer ex- 
pressed dissatisfaction. Subsequently, 12 per 
cent of the reports were revised. Dual read- 
ing has had only a minor and episodic effect 
on the over-reading of bronchitis and pneu- 
monia in babies, and little effect on the 
evaluation of senescent changes. Additional 
procedures that will help clarify some of the 
physiologic changes have been helpful. For 
example, inspiration and expiration roent- 
genograms of the chest in babies have 
excluded some pseudopneumonias and air 
contrast studies of the bulb have eliminated 
some pseudoulcers. 


4. HOBBY-RIDING, A SPECIAL FORM OF OVER- 
READING NORMALS 

If a disease or organ is subjected to over- 
zealous investigation, “опе can recognize 
the smallest abnormality to that organ, the 
slightest manifestation of that ailment, 
while swallowing the camel of some greater 
derangement.’’!’ Or, one can have a morbid 
preoccupation with a specialized technique 
and succeed in finding disease where none 


exists. It 15 suspected, but not proved, that 
our records show too many hiatus hernias, 
esophageal rings, and urethritides demon- 
strated by special studies. 

Comment. No inroads were made into 
this problem. One’s own methods seem 
sacred, and attempted criticism of the 
techniques of others lead to resentment, 
which has hampered the present investiga- 
tion. 


5. MYTHICAL MALADIES 


Bean? used this phrase to describe non- 
existent disease, such as autointoxication 
and status lymphaticus. Clendening and 
Hashinger? coined the word "'factition"—a 
"habit doctors have of talking about a 
pathologic condition which does not exist in 
nature... a kind of faery pathology... a 
blind man looking in a dark room for a black 
cat which wasn’t there.” Reviewing the 
radiologic literature of 50 years ago, several 
mythical maladies were encountered. For 
example, a patent ileocecal valve was con- 
sidered evidence of “alimentary toxemia.” 
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Taste II 


POSSIBLE MYTHICAL (AND SEMANTIC) CONDITIONS" 


Roentgenologic Diagnosis 

Pylorospasm (adult, no ulcer) 
Prominent pyloric muscle (adult) 
Slow filling of duodenal bulb 
Rapid motility at 6 hours 
Ten per cent gastric retention at 6 hours 
Ptosis, colon 
Ileocecal valve, prominent lips 

. Пеосеса! valve, trabeculated 
Kink of ureter (no hydronephrosis) 
Relaxed lumbar apophyseal joints 
Minimal acute lumbosacral angle 
Thickened lung markings 
Slight prominence, pulmonary conus 


* From review of 200 consecutively numbered reports. 


One hundred cases were cured by surgery. 

It is impossible to know what our facti- 
tious maladies or conditions are today, but 
one suspects that there are some. À review 
of 200 consecutive roentgenologic reports 
produced the information seen in Table 11. 
Undoubtedly some of these diagnoses and 
conclusions are of “faery pathology." А 
kink of the ureter without hydronephrosis?! 
is not a disorder. The term “‘pylorospasm”’ 
when used by the impatient fluoroscopist, 15 
mythical. One doubts whether any use of 
the term “pylorospasm”’ is justified. 

Comment. Unfortunately, it takes his- 
torical perspective for the recognition of 
mythical maladies. One such condition, 
prolapsed gastric mucosa, is being relegated 
from a malady to a physiologic state.!5 How 
many others exist today is uncertain. 


6. PREJUDICE 


These errors arise from a sense of satis- 
faction with one's conclusions, investiga- 
tions and opinions. They are the result of a 
biased point of view and lead inexorably to 
the failure to consider all possibilities. 
(Prejudice is not the only cause of such 
failure. Reasoning error and observer atti- 
tude,? such as pessimism or optimism, also 
can be responsible.) Gruver and Freis” 
studied diagnostic errors in 1,106 autopsied 
cases. Of the 6 per cent misdiagnosed, bias 
was felt to be responsible for 16 per cent. 
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The prejudiced observer makes his diag- 
nosis on first seeing the patient, or the 
roentgenogram, or on first hearing the 
history. He cannot change his mind and 
remains silently unconvinced in the face of 
irrefutable data. It is particularly evident 
in the approach to diagnostic procedures on 
the senile patient. 

Án example of prejudice is shown in 
Figure 11, 4 and B. The observer had inter- 
preted a roentgenogram (Fig. 114) demon- 
strating a large zone of destroyed bone from 
a metastatic breast lesion. When the stom- 
ach was examined, he called the gross crater 
in the duodenal bulb (Fig. 118) a “deform- 
ity" but did not use the word ulcer. The 
patient’s peptic symptoms progressed and 
an additional examination 2 weeks later by 
a different radiologist again showed an 
ulcer crater. Treatment was then instituted 
and the patient’s ulcer symptoms were 
alleviated. In the discussion, the original 
observer said that he felt that any disease 
the patient had was insignificant in com- 
parison to her known cancer. He refused to 
acknowledge any other possibilities, and 
felt that the gastrointestinal examination 
should not have been ordered. 


7. RECENCY 


This stepchild of prejudice tends to make 
objective interpretations impossible. If the 
last gastric ulcer was malignant, there is 
more suspicion of the next one. This impor- 
tant and well-known psychologic attitude 
has influenced the interpretation of pulmo- 
nary lesions, particularly in the differentia- 
tion of pulmonary infarcts from pneumo- 
nia. 

Comment. Attempts to discuss prejudice 
and the factor of recency have been unsuc- 
cessful, provoking resentment and hostility 
and have disturbed the a of 
friendly. discussions. 


8. PROVINCIALISM 


The feeling of superiority to the referring 
general practitioner or the doctor in a 
smaller town or institution elsewhere is 
productive of some errors. Such errors arise 
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Fic. тт. Example of prejudice in a patient with metastatic carcinoma of the breast. (4) The pelvis shows a 
large zone of bone destruction. (8) Later, the observer would лог call the overt crater (arrow) in the duo- 
denum evidence of an ulcer because of his knowledge of the patient's condition and prognosis. He felt 
that the gastrointestinal examination was unnecessary. 


from the attempt to prove the referring 
agency wrong. Also, a feeling of satisfaction 
with one's own knowledge and efforts 
makes 1t seem unnecessary to obtain some- 
one else's roentgenograms or 
graphic reports. 

Figure 12, 4 and B shows а gallbladder 


< 


considered normal. However, the radiologist 


roentgeno- 


did not call tor the roentgenograms or report 
of a previous gallbladder study performed 3 
years earlier in a regional office that showed 
characteristic, large, nonopaque calculi. 
Continued presence of the stones was later 
shown. (Error was compounded in this case 
by the use of high kilovoltage technique,” 
making the stones difficult to see.) 





Fic. 12, Example of provincialism. (4) The gallbladder was considered normal. The radiologist did not call for 
roentgenograms made 3 years previously (8) on which gallstones were evident. The continued presence of 


stones was later confirmed. 
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Fic. 13. Disregard of the obvious. An obstructed 
efferent loop was presumptuously alleged to be on 
the basis of hypoproteinemia. 


Comment. Combating provincialism is 
possible by acknowledging the referring 
physician’s diagnosis and discussing find- 
ings with him, even by long-distance tele- 
phone. Also, a diligent effort to obtain 
previous reports or roentgenograms would 
obviate many errors. 


9. DISREGARD OF THE OBVIOUS 


This is also a manifestation of the atti- 
tude that we are superior to, and should see 
more in our roentgenograms, than a non- 
radiologist. “Соттоп diseases most com- 
monly occur," but fear of equating with 
those less technologic makes us observe our 
roentgenograms more obliquely. 

Figure 13 shows an obstructed jejunal 
loop considered by the radiologist to be 
caused by edema since the patient had a 
low serum protein level. Fluid and protein 
therapy failed to relieve the obstruction 
and, at operation, an adhesion was found. 
The radiologist's flight from the obvious 
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was abetted by incomplete recall of Gold- 
en's treatise? on the role of hypoprotein- 
emia in ileus. 

Comment. There has been no improve- 
ment in this category. 


IO. CLINICAL MYOPIA 


The notion that one needs to know no 
more than what is revealed by one’s own 
methods leads to three different types of 
error. Gross misinterpretation derives from 
the failure to elicit significant clinical data 
before dictating reports. Later, the clinician 
may be blamed for not sending more infor- 
mation on the miniature requisitions, but 
why ignore the availability of the tele- 
phone, the patient’s chart or the patient? 
Sometimes, the vital information may be 
absent, but more often the omission stems 
from the radiologist’s deadly sitting habit 
and failure to circulate among clinicians 
and patients. Clinical myopia is fundamen- 
tally another of the Deadly Sins—the Sin of 
Sloth. 

Another type of error in this category 
occurs after reading roentgenograms in 
which there is uncertainty as to the pres- 
ence or absence of a finding, for example, a 
questionable fracture line. Immediate cor- 
relation with the patient will usually allow 
a decision to be made, often with avoidance 
of a false-positive report. This happens 
daily in an office practice in which an at- 
tempt is made to check each patient before 
discharging him. There are few accounts of 
the effect of clinical knowledge on the accu- 
racy of film interpretation. Schreiber,? in a 
recent paper, indicates that the total per- 
formance of chest film readers is improved 
by a knowledge of clinical findings, with a 
decrease in the number of false-positive 
conclusions. 

A third type of error caused by clinical 
myopia occurs following the report of a 
"negative" examination. It is well known 
that such statements should be qualified to 
indicate need for special or serial studies at 
appropriate intervals when there is suspi- 
cion of tuberculosis, osteomyelitis, aseptic 
necrosis and other situations.2° Yet the 
radiologist who has not correlated with the 
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Fic. 14. Clinical myopia. (4) Abnormal changes at base of left lung read as pneumonia," without know ledge 
of history of trauma. (B) A day later, the rib fractures were clearly evident and were also discernible on the 
original roentgenogram. The pulmonary lesion most likely represented a hematoma. 


clinical findings can mislead the clinician 
with his arbitrary pronouncements. 

Figure 147 shows fractured ribs and 
pulmonary hematoma. Without clinical 
information, the roentgenogram was read 
as showing pneumonia; the rib fractures 
(Fig. 145) were not perceived. They would 
have been seen if the historv had been 
known. Figure 154 shows the normal pelvis 
ofa 7 vear old boy who complained of right 
hip pain. The pain persisted and a limp 
developed. One year latet another roent- 


genogram (Fig. 155) showed changes of 
Legg-Perthes disease. Had the observer 
known the historv, his awareness of the 
latent period for roentgenographic changes 
would have prevented a peremptory ‘‘nega- 
tive" report, and earlier re-evaluation 
would have resulted. 

Comment. Some progress has been made 
in correcting clinical myopia. Osler! ad- 
vised that “wide contact with men in other 
departments mav serve to correct the in- 
evitable tendencv to a narrow and per- 





lic. 15. (4) Roentgenogram of pelvis read as normal without the knowledge of symptoms—pain in the hip 
and limp. (B) A yearlater, the changes of Legg-Perthes disease were apparent. Had the clinical findings been 
| known originally, the long delay before diagnosis might have been avoided. 
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verted vision in which the life of the anthill 
is mistaken for the world at large." Some 
radiologists attempt clinical correlation 
more vigorously than others. The hospital 
milieu seems to breed better correlation 
than the private office. There is now a 
policy of liberal consultation with other 
radiologists, but there are still other col- 
leagues who are seen only at county medical 
society meetings. One also has grave doubts 
about the efficacy of pointing out that a 
radiologic report needs correlating with the 
clinical findings; the radiologist should 
make this effort, if it is possible. 


IMPRESSIONS AND CONCLUSIONS 


1. Diagnostic disagreements occur in 
about one-third of all film readings. 

2. About two-thirds of all errors are 
found by modified dual-reading techniques. 

3. The search for and discussion of errors 
probably improves the critical ability. 

4. Errors of complacency are primarily 
those of over-reading and misinterpreta- 
tion. | 
с. More emphasis should be placed on 
the teaching of normal anatomic and physi- 
ologic variants, particularly 1n the low back 
and upper gastrointestinal tract. 

6. It is felt, at this time, that such diag- 
noses as gastritis, duodenitis, cystitis and 
bronchitis should not ordinarily be made 
from conventional studies. 

7. Special diagnostic procedures that 
permit differentiation and discrimination of 
physiologic changes are conducive to reduc- 
ing errors. 

8. Periodic double reading also aids such 
discrimination. In addition, it will empha- 
size areas of interpretative disagreement. 

g. Some of our diagnoses are probably of 
mythical conditions. 

Io. Efforts to obtain previous roentgeno- 
grams, reports, and opinions from other 
radiologists and clinicians will eliminate 
some errors. 

11. Before dictating a report, it is well to 
ask: "What does the patient manifest?" 
“What other data are needed?” "What else 
might this mean?" : 
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SUMMARY 


More than 70 per cent of errors in a rural 
diagnostic radiology practice were uncov- 
ered by modified dual-reading methods. 
The incidence of disagreements in interpre- 
tations 1s about 30 per cent. 

A general classification of all errors is 
presented; shortcomings of the classifica- 
tion are mentioned. 

The present paper concerns errors caused 
by complacency; ten subgroups are de- 
scribed with examples. These are: (1) at- 
tributing unjustified significance to positive 
findings; (2, 3) erroneous labelling of ana- 
tomic and physiologic variants as diseases; 
(4) hobby-riding; (5) reporting of mythical 
maladies; (6) prejudice; (7) the factor of 
recency; (8) provincialism; (9) searching 
for the rarity; and (10) clinical myopia. 

It 1s believed that this study has been 
somewhat helpful in reducing the incidence 
of errors arising in categories 2, 3, 5, 8 and 
possibly ro. 
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EXPERIMENTAL DETERMINATION OF FLOW 
EQUATION IN CATHETERS 
FOR CARDIOLOGY* 


By D. E. WILLIAMSON} 


MIAMI, FLORIDA 


| Барак use of high pressure injec- 
tors in angiocardiography has necessi- 
tated a means of predicting the flow of 
moderately viscous fluids at high velocities 
through long narrow catheters. In a typical 
application, the pressures and catheter 
lumens used are such that highly turbulent 
flow results. Under these conditions, it is 
clear that the classic Poiseuille formula is of 
little use, since this formula applies to 
laminar flow exclusively. 

The problem is to devise a means of 
predicting the time required to inject a 
given bolus of radiopaque material with the 
known parameters of catheter diameter, 
length, and injection pressure. Whereas 
high accuracy is not required, it 1s clear 
that a choice between various published 
flow formulae could result in more error 
than seems necessary. For instance, the 
differences in the exponents used by Darcy! 
and those used by Blasius? could result in a 
15 per cent difference over the range of 
pressures in common use. 

Whereas at the beginning of this investi- 
gation it was not certain that sufficiently 
consistent data could be obtained, the 
results have been most gratifying and it 1s 
believed that the accuracy of such a deter- 
mination has been demonstrated. In the 
process of arriving at a useful formula, it is 
shown that viscosity and density have little 
effect, and that as a practical matter these 
parameters as well as the friction coefficient 
can be included in a constant. 


EQUIPMENT 


Since the primary purpose here was to 
obtain empirical results, the equipment 
used is essentially identical with that which 


would be used in a catheterization labora- 
tory. Pressures were produced by a stand- 
ard Cordis Injector. This is basically a high 
pressure syringe with a capacity of 40 ml., 
whose plunger is operated by a constant 
torque electric motor operated through a 
ball-nut and screw to convert rotary into 
linear motion. Within the speed limitations 
of this device, pressure in the syringe is 
controlled by varying the voltage on the 
torque motor by means of a variable trans- 
former. 

Because this device is basically designed 
as a very low-duty-cycle instrument, over- 
load currents in the motor and consequent 
heating are of little consequence in normal 
operation. For repeated tests, however, the 
variable transformer calibration is unreli- 
able due to the increase in resistance of the 
motor windings caused by heating. For this 
reason, pressure must be monitored by 
means of a pressure transducer built into 
the nosepiece of the syringe, pressure being 
read on a cathode ray oscilloscope with a 
triggered sweep. The pressure transducer 
used in this work was the U. S. Gauge, 
PT143-1500B-10W Rahm Pressure Trans- 
ducer. As injection times for the full 40 ml. 
of solution generally run greater than 1 
second, this device has adequate response 
for the purpose. 

Catheters were standard production of 
United States Catheter and Instrument 
Corporation and were mainly the NIH or 
RA design. In these catheters, the distal 
end is closed, with 6 round or oval openings 
placed in laterally opposed pairs within the 
last 1.5 cm. Open end catheters as well as 
stainless steel hypodermic tubing was also 
used. It was determined experimentally 


* Data for this study were taken in collaboration with the U. S. Catheter & Instrument Corporation, Glens Falls, New York. 


t Director of Engineering, Cordis Corporation, Miami, Florida. 
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that there was no difference between the 
injection rate from an open end catheter 
and one of the NIH design. The inside 
surface of these catheters is the surface of 
the extruded nylon tubing which forms the 
inner layer. Variations in lumen diameter 
from those given by the manufacturer did 
not appear to significantly influence the 
results, and no effort was made to measure 
individual catheters. 

Time of injection was measured by 
means of a Standard Electric Time Corpo- 
ration Sl timer with a dc clutch. The timer 
clutch was operated from a spare set of 
contacts on the torque motor relav. This 
relav is closed by manually depressing a 
switch to start the injection, and is opened 
bv a limit switch at the end of the injection. 

The fluids used were the actual contrast 
media, and included hypaque со and 75, 
angio-conray, ditriokon, and renografin 
60 and 76.* The temperature of these solu- 
tions was maintained at 38° C. by means of 
a thermostatically controlled heater in the 
injector syringe, injections being made into 
an Erlenmeyer flask kept in a water bath 
of the same temperature. Temperature 
control at both ends of the catheter 1s nec- 
essary to prevent cooling from convection 
at the flask and also to provide cooling 
when data are being taken rapidly due to 
the energv delivered to the fluid during 
injection. This point will be discussed later. 

It is interesting to note that it is essential 
to constrain the catheter so that no "whip- 
ping" is possible. Unless this precaution is 
taken, erratic results are obtained. 


DATA 


Altogether 102 curves were obtained, 
each curve representing 6 to 12 points 
covering the range of injection pressures 
from 100 to 800 pst. Each curve represented 
a single catheter length, diameter and 
contrast medium. Catheters of lengths 80, 
100, 125 and 150 cm. were used. Catheter 
sizes from sF to gF were tested, this giving 

* Ditriokon and Angio-Conray, manufactured by Mallinckrodt 


Chemical Works; Hypaque by Winthrop Laboratories; Reno- 
grafin by E. R. Squibb & Sons. 
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a range of lumens from o.85 to 2.0 mm. 
diameter. The stvle of the tip, as mentioned 
above, was either open end or NIH. 

Data for each catheter-contrast medium 
combination were plotted as individual 
data points, using distinct black dots on 
log-log graph paper. An example of the 
consistency of the data is shown in Figure 
I. In this figure, lines have been drawn 
through the data points, the lines all having 
the slope represented bv the equation de- 
veloped as the result of this investigation. 
This illustrates the uniformity of results 
and the validity of determining a single 
equation to represent a wide variety of 
conditions. The scatter of points near the 
low pressure end of some curves 1s caused 
bv the greater difficulty both in maintain- 
ing a low injection pressure and in reading 
the resulting pressure accuratelv. 


SECONDS 





PSI -= 100 


Fic. т. Representative time versus pressure curves, 
These data show relation for 125 cm. catheter us- 
ing renografin (60 per cent). The straight lines 
have the "average slope" as described in the text. 
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REDUCTION OF DATA 


The formulae of Darcy and Blasius have 
been applied by other investigators? and are 
as follows: 


D finguannp 
arcy j= "pum (1) 
| cpi Ty TATI 
Blasius Ё == papan (2) 


where ¢=time for flow of volume РГ; 
f=friction factor; p=density of fluid; 
/=length of tube; p=pressure drop in 
length; d= diameter of lumen; c=constant; 
and y= viscosity. 

We propose to examine, however, the 


applicability of the formula 
K^ 


"P (3) 


[o = 


with the expectation that the friction factor 
will be essentially constant and that the 
normal variations of density and viscosity 
for the fluids used will contribute a negligi- 
ble effect. This was indeed found by Leh- 
man and Debbas* who show an almost 
constant injection rate for fluids of viscosity 
between 3 and 9 centipoises. 

It was apparent, however, from examin- 
ing the data such as shown in Figure 1 that 
most of the curves had the same slope when 
plotted on log-log paper. Some of the 
curves, nevertheless, showed a different 
slope, falling more rapidly with increasing 
pressure and apparently representing a 
different kind of fluid flow. A small inter- 
mediate group of curves showed the high 
slope for low pressures, flattening out to the 
above mentioned average at the high pres- 
sures. Ít was further observed that these 
curves represented data taken with the 
smallest of the catheters used and with the 
most viscous of the contrast media. Since 
the technique of high pressure injection is 
for the purpose of introducing a large quan- 
tity of fluid in a small time, it was decided 
to first focus attention on those data (which 
were greatly in the majority) which repre- 
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sented most accurately that type of opera- 
tion. 

Any straight line, such as one of those 
shown in Figure 1, can be represented by the 


formula 
j Т (4) 
аи. 4 
|o p 


where T; represents the time duration of 
the injection at unit pressure. We thus plot 
pressure as abscissa in hundreds of psi, 
thereby establishing unity pressure at the 
left side of the graph. The value of Т; for a 
particular graph can be simply read off and 
recorded for future use. Our interest at the 
moment is in determining the exponent a, 
which will relate pressure and time for all 
the graphs. 

The average slope of the data points was 
determined, and from this the value of the 
pressure exponent was found to be 0.544. 
Straight lines having this average slope 
were then drawn on each of the curves, 
fitting the data points as well as possible, 
for the purpose of determining the value of 
T; for the particular conditions of catheter 
size, length and contrast medium. 

The values of T; from all the curves can 
now be tabulated, grouped both according 
to catheter length and catheter diameter. It 
can be seen from the equation 


КА 
Т, = —; 
| d 


that Tı is a function of both length and 
diameter. Unfortunately, the range of 
lengths used (from 80 to 150 cm.) is not 
sufficient to obtain a good determination 
for the coefficient А. If, however, the values 
of Т, are plotted against catheter length for 
the 8 catheter diameters represented, it can 
be seen that the slopes of these eight lines 
are essentially the same. A clue as to the 
expected coefficient may be had from ex- 
amining equations I and 2, in which the 
parameter “pressure drop per unit length” 
is used. It would, therefore, be most reason- 
able to expect that the coefficient of length 
would be the same as the coefficient of 
pressure drop, or namely 0.544. If this line 


Vou, 94, No, 3 


is drawn on the graph of T, versus catheter 
length, it is found to fit all of the data verv 
well, onlv one data point departing more 
than the § per cent from these average lines. 
For this reason, it was decided to use 
ћ=0.544 1n the equation. 

For the determination of the exponent 2 
which relates T, to lumen size, the values of 
T were plotted against lumen for catheter 
lengths 100, 125 and 150 cm. Here again, 
the range of diameters is insufficient for an 
accurate independent determination, so the 
slopes represented by both the Darcy and 
Blasius formulae were tried. As a result of 
this, it was determined that the exponent 
§/2 fits the data very well, whereas the 
exponent 2—5/7 did not fit. 

"Best fit" straight lines through these 
data gave 3 curves representing the equa- 
tion 7 = C/d?? for 3 catheter lengths. Since 
the value of A in equation z has not been 
determined, the entire numerator was re- 
placed by С= KP?" for this step in the 
determination. When these values of C 
were plotted against catheter length and 
the "best fit" straight line of the given slope 
was drawn, the value of the constant K 
could be determined. The final equation 
now reads 


о 


7/9 544 
+ į H 


Но = ~ 


p 944 d 2.5 


DISCUSSION 


As was mentioned previously, over a 
large range of viscosities there was no de- 
tectable effect on injection rate. The lowest 
viscosity used was for hvpaque M (со per 
cent), which is rated bv the manufacturer 
at 2.16 centipoises at 37.5? C. The highest 
viscosity material used in these studies was 
renogratin (76 per cent) with a viscosity of 
9.1 centipoises. With this material and with 
hvpaque (75 per cent), curves of greater 
slope were obtained when using a small 
(No. § and No. 6) catheter. The values of 
the pressure coefficient “a” in these cases 
was 0.822 for the No. 5 and 0.755 for the 
No. 6 catheter. 
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Several examples were found of curves 
which exhibited a high slope at low pres- 
sures and an "average" slope at high pres. 
sures, with a short plateau about zo psi 
wide Joining the two slopes. These curves 
and the plateau were reproducible. Calcula- 
tion of the Revnolds number for 4 of these 
cases gave values between 2,560 and 2,920, 
which is certainly in the range expected for 
transiticn from laminar to turbulent flow. 
It must be pointed out, however, that since 
the "high slope" did not vield a pressure 
exponent of unity, it cannot, at least on this 
basis, be considered laminar within the 
meaning of the Poiseuille formula. 

Another effect which operates in the 
favor of consistent and average results at 
high pressures with the more viscous media 
is the increase in temperature of the con- 
trast тест as itis forced at high velocity 
through the catheter. Some idea of the 
temperature rise can be obtained bv esti- 
mating the amount of power delivered to 
the fluid bv the electric drive motor, mak- 
ing suitable correction for efficiency and 
mechanical friction losses in the system. 
Accordirg to this calculation, a 40 ml. 
injection in 1 second should raise the tem- 
perature of the fluid by approximately 
3. C. Onlv one fairlv crude measurement 
was taken to verifv the existence of the 
effect, ard did indeed detect a temperature 
rise about equal to half the calculated 
value. 


CONCLUSION 


It has been shown that a useful formula 
relating injection time to onlv 3 variables 
can be obtained. This is subject to onlv the 
limitation that pressures, viscosities and 
tube diameter be such as to ensure turbu- 
lent flow. 

Using these data, the simple nomogram 
was constructed which is shown in Figure 2. 
Starting with catheter size and length, a 
point is established on the turning axis 7, 
which actually represents the value of that 
parameter. From this point, a line drawn 
through the injection pressure scale is ex- 
tended to indicate injection time in seconds 
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TIME IN SECONDS 


0.8 


INJECTION TIME FOR 40m! 


FLUID TEMPERATURE: 38°C 


1.5 


2.0 


800 2.5 
600 
456 30 
300 CATHETER 
200 
4.0 
2.8 
100 2.6 
ni 5.0 
2.2 
6.0 
CATHETER - 
LENGTH - 
(cm) 7.0 
150 GREY 1.8 
125 
100 8.0 
80 
1.6 
50 YELLOW 9.0 


Numbers refer to thinwoll catheters moaufoctured by 


United States Catheter and јвититем Corp. 
Gisas Folly, ALY. 


Colors refer to KIFA Polythene Catheter 


This somogram applies Fo contrast media with viscosities 
between 2 and 8 centipolses such cs isch fo 
and 76. 


Ditriokos, Hypnque 50 and 75 ond Renografin 


10.0 


e 


20.0 





7 ; 


Fic, 2. Injection time nomogram for 40 ml. syringe at 38°C. 


for 40 ml. The nomogram represents all the 
data used with an accuracy of better than 
+10 per cent, this accuracy being realized 
largely due to the experimental determina- 
tion of the constant and the exponent of 
pressure. 


SUMMARY 


A large amount of experimental data has 
been obtained relating rate of flow with 
pressure in small diameter tubes. The flow 
was measured in tubes between 0.85 and 
2.0 mm. diameter and 80 to 150 cm. in 
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length, over a pressure range from 100 to 
800 psi. Variations in viscosity between 2 
and 8 centipoises have no effect. The flow 
rate is shown to be proportional to pressure 
to the 0.544 power. 


Cordis Corporation 
241 N. E. 36th Street 
Miami, Florida 33137 
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A MANIFOLD FOR A CLOSED ANGIOGRAPHIC SYSTEM 


by FRED SHIPPS, M.D. 


PORTLAND, OREGON 


qe proposed use of a manifold in all 
angiographic procedures 1s a step in 
the direction of patient safetv. We have 
often observed that those who repeatedly 
open into a sterile intravascular system 
invite injection of contaminants (bacteria 
and other foreign materials). Even the most 
experienced operators leave catheters or 


needles in patients for prolonged periods of 


time because of delays and film processing. 
This practice may lead to blood clotting 
within these instruments and hence to the 
threat of embolization. [t is our opinion 
thata closed angiographic svstem should be 
used at all times to prevent contamination 
and to provide constant flushing of the 
catheter or needle during waiting periods. 
Where such a system increases preparatory 
work, it pays off in operator convenience 
and patient safety during the procedure. 
DESCRIPTION 

The manifold (Fig. 1) and a functional 
drawing (Fig. 2) are shown. Other impor- 
tant components of the closed system, not 
illustrated, include a bottle of saline, an 
intravenous type bottle containing the 
contrast agent, two intravenous sets and a 
syringe to pressurize tne intravenous bot- 
tles. The М5 manifold not only overcomes 
the problems of injector reloading and 
cathéter flushing but offers several advan- 
tages over using antiquated fittings origi- 
nally designed for intravenous therapy. An 
effective lumen size of .106 inch diameter 
provides low resistance to flow during injec- 
tion. The fittings and valves will hold to 
1,000 p.s.. T he teflon valve seats do not 
bind and do not require grease lubricants 
that are of potential hazard when applied 
too generously. The improved male taper 
tip locks more securely for high pressure 
work and avoids unwanted pressure drops 
to transducers. Unscrewing the knurled 
nut in the taper lock applies leverage to 


EVACUATE 
AiR 


SALINE CONTRAST 


PATIENT 





valve (Ù) 


INJECTOR 


Fic, т. The Mg angiographic manifold. 


disengage the connection. A hemostat 15 
never required as a wrench. 


OPERATION 


Setting up the system and purging it of 
air is of paramount importance. The opera- 
tional drawing of the manifold (Fig. 2) 15 
labeled to show the functions of the five 
ports. [tis set up as follows: With the body 
valve (Z1) closed and valve #2 open, the 
injector is loaded from an inverted and 
pressurized intravenous bottle containing 
contrast material. By closing valve #2 and 
opening va lve £r the air is evacua bis from 
the injector sv ringe. Closing valve #1 again 
completes purging of the injector portion of 
the system. Next the saline intravenous set 








Cut-away diagrammatic drawing of manifold, 
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is connected to port #3, port #4 is pressur- 
ized and flushed and the connecting tube is 
attached to the patient end of the manifold. 
After connection to the patient's catheter, 
or needle, back bleeding or aspiration is 
done via port £4. Now the system 1s purged 
and closed. The injector may be reloaded 
and the patient's catheter flushed simul- 
taneously. Injection position is valve #1 
open two turns and the others closed. Port 
£4 may be used for a transducer. In multi- 
ple simultaneous injections ports £3 and #4 
mav be used. 

The manifold can be easily completely 
disassembled for cleaning and autoclaving. 
This is simply accomplished by unscrewing 
each valve handle four and one-half turns. 


A Manifold for a Closed Angiographic System D 


Thev are numbered for identification in 
reassembly, Alignment of the numbers 
indicates visually the closed position of the 
valves. 


SUMMARY 


A closed angiographic svstem designed to 
encourage certain safety features in angio- 
graphic technique has been described. The 
М5 manifold incorporated in the system 
offers several other advantages over older 
fittings originally designed for intravenous 
therapy. 


Good Samaritan Hospital 
1915 Nortawest Twenty-Second Avenue 
Portland 12, Oregon 
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OPTICAL TRANSFER FUNCTIONS OF THE 
FOCAL SPOT OF X-RAY TUBES 


By KUNIO DOI 


CHIGASAKI, JAPAN 


LEN IMAGING system, like radiography, 
is best evaluated as to the characteris- 
tics of “blur”? by its optical transfer func- 
tion. One of the advantages of this proce- 
dure is that the over-all transfer function in 
a whole imaging system can be obtained 
easilv by the multiplication or the addition 
of its elements. 

The optical transfer function, introduced 
and developed in optics, is most simply 
described as a Fourier transform of an 
image of an infinitely narrow slit or a pin- 
hole, the frequencies being spatial and 
usually called spatial frequencies. 

The over-all transfer functions of a radio- 
graphic system in several cases were calcu- 
lated from its components.*55.5 Some of the 
components were directly measured and 
others were calculated from the spread 
functions, which were assumed to have 
some simple form. Until now, optical trans- 
fer functions obtained experimentally were 
mainly the screen-film combinations. *.7.? 

In this study optical transfer functions of 
the focal spot of the x-ray tube were meas- 
ured photoelectrically using the fluorescent 
screen and an anisotropic spread function. 
These and the field characteristics of the 
focal spot are discussed. 

The geometry of this radiographic sys- 
tem is shown in Figure 1. The x-ray image 
on an image plane is formed as a shadow of 
the object under x-ray exposure. If the 
spatial extent of the object is o(x', y") at an 
object plane and the spread function of the 
focal spot corresponding to a pinhole as the 
object is f(x,y) at the image plane, then the 
x-ray image i(x,y) at the image plane is 
given as a convolution integral: 


х,у) = є [re E 


o(x^, у)ах'ау". (1) 


When this relation is expressed in spatial 
frequency domain, Fourier transforms 
Цу), P(r) and O(,7r) of corresponding 
spread functions i(x,y),/(«,y) and о(х, у) are 
simply connected as follows: 


Гоу т) = Fly, 7): Ot», т). (2) 


Then the optical transfer function of the 
focal spot of the x-ray tube is clearly de- 
fined in two dimensional form as: 


Fan= f f fe) 


exp | —2т1(ух + ту) | ахау. (3) 


When the point spread function f(x,y) is 
isotropic, the optical transfer function is 
more simply represented by one dimen- 
sional form from the line spread function 
which can be deduced from the point 
spread function. If f(x,y) is not isotropic, 
one dimensional optical transfer functions 
should be determined for every direction. 
This seems to be the usual case for the focal 
spot of an x-ray tube. 


MEASURING SYSTEM OF OPTICAL 
TRANSFER FUNCTIONS 


The optical transfer functions are photo- 
electrically measured by an area type 
masking method which is well known in 
lens testing. A direct scanning apparatus is 
built for a Fourier transformer of radio- 
graphic images using the x-ray fluorescent 
screen as a converter of an x-ray image to a 
light image. 

When a metal slit as the object is placed 
between the focal spot and the fluorescent 
screen, the line spread function of the focal 
spot of the x-ray tube is reproduced on the 
fluorescent screen with the form of light 
emission according to the so-called pin- 
hole effect. 
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Focal spot of 
x-ray tube 





spread function 


Fic. 1. Illustration of the relation between a focal 
spot of the x-ray tube, an object and an image. 


The principle of this method is explained 
as follows. If /(x) is the line spread func tion 
of the radiographic image and x’ is the 
displacement of the area type sinusoidal 
chart from the line spread function, then 
the transmitted light T(x’) is given bs 


с 
Е | Хх) I + cos 2mv(x’ — x) | dx, 


where the x-ray image converter has an 
ideal property about its blur. 

If f(x) is symmetric, the Fourier trans- 
form is easily given by only Fourier cosine 
transform. Usually, this should be valid for 
the fluorescent screen and the focal spot. 
Then the Fourier transform F(v) in normal- 
ized form is given by 


^ 
= Ecl min 
(m ax E CR 


where Tmax and Thain corre spond to the 
maximum and the minimum of the light 
transmitted through the chart, respec- 
tivelv. 

Practically, since the fluorescent screen is 
used as the x-ray image converter which 
has its optical transfer function F/(v), the 
optical transfer functions obtained by this 
method include both components from the 
focal spot and the fluorescent screen con- 
nected by multiplication. However, they 
can be easily separated by simple division, 
if Fiv) is obtained by itself. Еу) is, of 


course, measurable from the line spread 


P) = 
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Fluorescent screen 





Brass slit Sinusoidal chart 
Pb glass 
Diffusing layer 
X-ray tube rnotemuitipller 
ДА = | Electronic | 
\ T / © recorder 
' | 











Area type chart 


Scan 





Fic. 2. Schematic diagram of the direct scanning 
apparatus for the measurement of optical transfer 
functions of the x-ray fluorescent screen and the 
focal spot of the x-ray tube. The position of the 
slit can be varied between the x-ray tube and the 
fluorescent screen. 


function of the fluorescent screen by slit 
exposures, when the slit is placed close to 
the fluorescent screen by the same measur- 
Ing equipment. 

The schematic diagram of the direct 
scanning apparatus 1s shown in Figure 2 
and the photograph of itin Figure 3. 

In Figure 2 the brass slit, 6 mm. thick 
and 100 u wide, is used for x-ray exposures 
on the fluorescent screen which lies in close 
contact with the sinusoidal chart. The 
sinusoidal chart is made by photographic 
means using high resolution ty pe photo- 
graphic emulsion. T his, in turn, lies in close 
contact with the scanning part, which can 
be moved perpendicular to the x-ray ex- 
posure axis with a speed of o. mm./sec. 





Fic. 3. Photograph of the direct scanning 
apparatus. 
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During the movement of the scanning part, 
the light emission from the fluorescent 
screen transmitted through the chart is 
collected by a photomultiplier behind a 
lead glass and a diffusing layer. 

The finite slit, x-ray quantum fluctua- 
tions, and build-up and decay characteris- 
tics of the phosphor are considered to intro- 
duce errors in the experiment. However, 
their influence on the experiment is esti- 
mated as negligible in the range of spatial 
frequency below 2.0 lines/mm.? 


OPTICAL TRANSFER FUNCTION 
CURVES OF THE 
FOCAL SPOT 


Figure 4 shows the electronic record of 
photo-currents for the optical transfer 
function measurement by the direct scan- 
ning apparatus. 

Periodic sinusoidal variations of photo- 
currents correspond to the spatial frequen- 
cies on the chart. At low frequencies, peri- 
ods of the sinusoidal waves are increasing 
by geometric progression, and at high 
frequencies, several sinusoidal waves for 
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Fic. 5. Measurement of the optical transfer func- 
tion of the focal spot of the x-ray tube. X-ray 
tube voltage, 70 kvp.; magnification ratio, 0.5; 
screen, F-2 (Kyokko). 


each frequency are repeatedly arranged in 
order to prevent the end effect. 

Figure 5 illustrates the separation of the 
optical transfer function of the focal spot 
F(v) from two experimentally obtained 
curves F/(v) and ЕД») - F(v) by simple divi- 
sion at the magnification ratio of o.c. Since 
the magnification ratio is easily changed 
only by the geometry of the experimental 
arrangement, it Is convenient to define the 












Electronic record of photo-currents for the optical transfer function measurement obtained by the 


direct scanning apparatus. 
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l'1G. 6. Optical transfer functions of the focal spot 
along three directions. Magnification ratio, т.о. 


optical transfer function of the focal spot at 
the magnification ratio of 1.0. 

Usually, the point spread function of the 
focal spot of an x-ray tube is not isotropic; 
this means that different optical transfer 
functions along some directions exist. 

Figure 6 shows optical transfer functions 
measured at three directions about the 
focal spot of the x-rav tube described bv 
nominal focal spot sizes of 2.0X2.0 mm.?, 
From this figure, it is seen that thev have 
negative components along (1.0) and (o.1) 
directions, but not along (1.1) direction, 
where the component is approximately 
given by a Gaussian function rather than a 
sampling function.®® 

However, at low frequencies, the optical 
transfer functions at these three directions 
are almost the same; therefore, it seems 
that the problem of the image transfer in 
practical radiography may be treated bv 
only the component given bv the Gaussian 
function at low frequency range. 


COMPARISONS OF SPREAD FUNCTIONS 
BETWEEN CALCULATIONS AND 
EXPERIMENT 


The measured optical transfer function 
curves can be compared with a photograph 
of the focal spot using a Siemens star made 
of lead.* In Figure 7 spurious resolutions 


* This test object was made by electro-deposition of lead to a 
copper plate which was pretreated by the photo-etching method. 
After the electro-deposition, the copper plate was dissolved by 
hydrogen chloride solution. The obtained lead object is about 
200 д thick. 
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ic. 7. Photograph of the Siemens star. 


can be observed at two directions: (1.0) and 
(0.1). On the other hand, no spurious reso- 
lutions are seen at the (1.1) direction. This 
correspoads quite well to the optical trans- 
fer function curves shown in Figure 6. 

A quantitative comparison of the line 
spread functions of the focal spot is given in 
Figure €. The solid line shows the line 
spread function of (0.1) direction calculated 
from the inverse Fourier transform which is 
carried out by numerical integrations. 
Experimental points are obtained from the 
slit image of the focal spot by photographic 
means. The exposed and processed slit 
Images are traced by a microphotometer, 
and the normalized line spread function is 
obtained by the characteristic curve of the 
film. 

Comparison of the calculated and the 


-2 -1 0 1 2 
Distance ( mm ) 


Fic. 8. Comparison of the line spread function 
between calculation and measurement. 
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fet Xy) 


Fic. 9. Illustration of the spatial position of the 
target, the object plane and the image plane. 


measured values, as shown in Figure 8, 
indicates good accuracy. 


FIELD CHARACTERISTICS OF THE 
FOCAL SPOT 


Since the target plane of the x-ray tube is 
positioned at an angle a with both of the 
object plane and the image plane, as in 
Figure 9, because of the geometry of the 
x-ray tube, the point spread functions of 
the focal spot on the image plane strongly 
depend on the field position of the image 
plane. This property should be called “беја 
characteristics" as has been named in op- 
tics. The optical transfer functions of the 
focal spot which depend on the field charac- 
teristics can be determined at some speci- 
fied positions by the geometric method. 


GEOMETRIC CONSIDERATIONS 


If x,y are coordinates in image plane and 
f(x,y) is the point spread function of the 
effective focal spot at the center of the 
radiation field, the field characteristics can 
be determined by obtaining the point 
spread function f4(x,y) at an arbitrary 
position as at angles B and у shown in Fig- 
ure g and 1o. From these figures it is appar- 
ent that fa(*,y) is determined from f(x, y), 
taking into account the change of the pro- 
jected size of the focal spot along the y-axis 
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and the conversion of the rectangular 
coordinates to the oblique coordinates. 

If R and r are the distances of target- 
object and object-image, respectively in 
Figure 10, the effective focal spot size E is 
given by 


E = (r/R)F cos a, 
using the actual focal spot size F, where the 
asymmetry of E caused by the projection is 


negligible in practical cases. Then focal spot 
size Æ’ at the arbitrary position is given by 


= E(x + tan а tan f). 
Therefore, in general form f4(x,y) is given 
by 
fan y) = fix + »(1 + tana бап В) tan y, 
y(t + tan a tan В)} 
=fixthy, ky} ho 
If f*(x) and /**(y) are the line spread 
functions of the effective focal spot along x 
and y directions respectively, the optical 


transfer functions F*(v) and F**(r) corre- 
sponding to x and y directions are given by 


Рек) = Í "fs, y)dy 


h (4) 
F*(y) = | Р(х) exp | — стих } dx 
Actual 

focal spot 





Effective focal spot 


Fic. to. Illustration of the variation of the 
focal spot size on the image plane. 
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и *F(y) = | f(x, ујах 
| h (s) 
|> Е | f**(y) exp | —2riry | dy. 


Similarly, the optical transfer functions 
P 4*(v) and F4**(r) at the arbitrary position 
can be calculated using Equation 3. 

At first fA* (x) is given by 


At) = [flv + ћу kay ay 


from Equation 4. At #, =0 it becomes 
fA" (x) = (ТА) (А). 


Then in normalized form, the optical trans- 
fer function 1s given by 


Pt) e 097 
This means that at #,=0, Ze, у=о the 
optical transfer functions along the x-axis 


are constant. Along the v-axis from Equa- 
tion 5, we have 


onm 
ео) = | Alec + kay, nds 
50 


zy), 
and then we obtain 
F,**(») = F**(y/E). (6) 


This means that the optical transfer 
functions along the v-axis'at the arbitrary 
position can be calculated using $, from the 
optical transfer functions of the effective 
focal spot. 


COMPARISONS OF CALCULATION 
AND MEASUREMENT 
Figure 11 shows a comparison of the 
optical transfer function curves between 
calculated and measured values. The solid 
lines at 7(v/o.£9) and F(v/1.41) are calcu- 
lated from 7(v) in Figure 6 using Equation 
6. Experimental points are obtained at 
ko=0.$59 and 1.41 correspondent to 
B= +8.5 degrees, assuming «a — 7o degrees. 
From the good agreement in Figure 11, it 
is shown that field characteristics of the 
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lic. 11. Comparison of the field characteristics 
between calculations and measurements. 


focal spot can be determined by the method 
described above. 

Field characteristics, as noted in Figure 
1I, show considerable extent, and so the 
results may give a practical suggestion to 
clinical radiography. 

In chest diagnosis it has been recom- 
mended that the apex of the lung, most 
affected by the disease should be placed at 
the target side. This means that the field 
position which shows high quality in optical 
transfer function curves is applied to the 
area of the disease. 


SUMMARY 


Optical transfer functions of the focal 
spot of the x-ray tube were measured 
photoelectrically using the x-ray fluores- 
cent screen. The light image on the fluo- 
rescent screen was Fourier transformed 
optically by the area type masking method, 
using the direct scanning apparatus. This 
apparatus can be applied to a Fourier trans- 
former of radiographic images. Optical 
transfer functions of the focal spot which 
gave negative components along some 
directions were qualitatively corresponding 
to the photograph of the Siemens star 
showing spurious resolutions. The line 
spread function calculated from the optical 
transfer function data agreed with the one 
obtained. by the photographic method. 
Field characteristics of the focal spot 
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caused by the geometry of the x-ray tube 
were obtained theoretically and experimen- 
tally, and good agreement between these 
two treatments showed that field character- 
istics can be determined by simple calcula- 
tions in some specified fields. 
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E Rs activities of the diagnostic radiolo- 
gist have been vitally concerned with 
display systems which furnish information 
on the configuration and structure of inter- 
nal organs and tissues. This display is 
translated into normal and pathologic 
anatomy and eventually into diagnostic 
medical entities. 

In order to do this, a record is examined 
almost entirely by visual means and must 
be made intelligible. It is this latter phase 
that has primarily concerned the radiolo- 
gist and can be broadly designated as pat- 
tern recognition. Pattern recognition is, 
undoubtedly, a complex problem, but in its 
simplest aspect 1t requires detection, stor- 
age, and conversion of some original signal 
into light, so that it may be recognized by 
the eye. The record (or stored information) 
is usually a spatial distribution of the inten- 
sity of the original signal which, in turn, 





DETECTION 










CONVERSION 


may be presented directly to the eye, so 
that there may be eventual comprehension. 

The purpose of this discussion 1s not to 
review in any way the complex procedures 
involved in cerebration carried out by the 
radiologist, but rather to point out that the 
problems of pattern production and ulti- 
mate recognition with which the radiologist 
concerns himself have identical counter- 
partsin many other systems using a variety 
of signals. 

Figure 1 illustrates a simple series array 
of components and/or simple operations 
that can be said to constitute an over-all 
system. While many systems are much 
more complex with feedback loops and 
other higher order intricacies, the series 
arrangements illustrated are representative 
of a class of devices common to diagnostic 
equipment with a final presentation of a 
spatial array of data. 





AMPLIFICATION 


PRESENTATION 


Fic. І. Typical array of components for pattern production and display. 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 
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Table 1 illustrates a breakdown of a 
number of different diagnostic techniques 
into the sequence of operations shown in 
Figure 1. Table 11 is a listing of those factors 
which limit and interfere with the capabil- 
ity of the system to handle and transmit 
information. 

It has always been fruitful to examine 
any display of a complex pattern from the 
point of view of available information. 
Recently, theoreticians have begun to 
apply information theory to various sys- 
tems and to operations involving the trans- 
mission of such information.» ^5 While few 
results of direct practical importance have 
resulted to date, a number of interesting 
concepts have arisen that may affect future 
techniques of handling and presenting 
information. 

Three general terms are used which are 
helpful in discussing the over-all problem. 
These are: (1) information capacity, (2) 
information content, and (3) information 
index. 

(1) Information capacity has a particu- 
lar mathematical definition and is a mea- 
sure of the maximum number of “bits” of 
information that may be handled by a 
system.* 

The information capacity of a photo- 
graphic film is defined as the maximum 
number of bits per unit area that can be 
recorded on a film and read off with zero 
error. For whatever it is worth, the infor- 
mation capacity of photographic film is 
about тое bits per cm.? It should be empha- 
sized that this is for film only and does not 
represent the over-all information capacity 
of a system that usually contains other 
more severely limiting elements prior to the 
film recording. An interesting point of com- 
parison is that one complete standard 
television frame in the United States has an 
Information capacity which approximately 
equals 1 cm.? of film. 


* One “bit” of information is the information gained by a de- 
cision of “‘yes” or “no” when the prior probabilities of “yes” or 
"no" are equal. The information capacity of a telephone channel 
is measured in bits per second while that for photographic film is 
bits per square centimeter. 
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(2) Information content as used in this 
discussion is a subjective term which de- 
scribes the intrinsic value of the display to 
the observer. It is really a measure of the 
probability that a particular message is not 
merely a random sequence of events but 
rather a real and significant conveyance of 
some order. It can be calculated for certain 
simple messages but for others we only 
have intuitive measures. For example, if a 
particular roentgenogram showed a uni- 
form darkening and little or no structure, it 
could have been the result of random mo- 
tion of x-ray target, patient or film, fogging 
due to unknown exposure, or a satisfactory 
roentgenogram of a homogeneous medium. 
In all these cases, the film would still have 
its original high information capacity, but 
the information content would depend 
upon many values determined by circum- 
stances and the choices available to the 
observer.1 

It is desirable to require that any system 
for pattern recognition should have an 
information capacity larger than necessary 
for the particular problem at hand. How- 
ever, a problem which often arises—and 
not in the least trivial—is to determine the 
minimum information capacity required for 
a particular pattern display, or more spe- 
cifically, for a particular diagnosis. There is 
little doubt that the enormous information 
capacity of film is wasted in most diagnoses. 

In pattern recognition we become di- 
rectly concerned with signal intensity levels 
(contrast) and the ability to discriminate 
discrete points, lines, or areas (resolution). 
Contrast and resolution are clearly related 
to information capacity, but in a manner 
which has not yet been precisely deter- 
mined. A further important parameter 15 
contour recognition which 1s the next order 
of complexity in cerebration after detec- 
tion. Our innate ability to recognize geo- 
metric shapes and areas 1s of definite aid in 


T Some investigators have argued that the final information 
content of a roentgenogram jg simply two "bits" of information, 
namely, “ yes" (normal) or “‘no” abno mal), However, it must be 
kept in mind that this is са А decision based on perhaps 109 
bits of information and is by no means a measure of the necessary 
information capacity of the system. 
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diagnosis. Contour enhancement* is of 
definite value in making more rapid ap- 
praisals of the nature of the pattern.* It 
undoubtedly reduces the number of bits of 
information necessary for a given pattern 
recognition or diagnosis, but, as yet, its 
significance has not been reduced to precise 
assessment. 

(3) Information index is a parameter 
that has been proposed as a more practical 
measure of the information capacity of 
systems utilizing visual presentations. This 
index is simply defined as the product of the 
contrast sensitivity (the fractional inten- 
sity change required for just recognizing a 
change) and the resolution (the reciprocal 
of the minimum resolvable distance in cm. 
between two lines). It can be shown that for 
statistically limited processes, this index 1s 
equal to one-fifth of the square root of the 
number of photons per sq. cm. (see ap- 
pendix). Table пл shows such indices for 
various diagnostic techniques under the 


* je, Xerography, logEtronic systems and the method of 
unsharp masks are techniques concerned with contour enhance- 
ment, 
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usual conditions for the techniques in- 
volved. It is obvious that additional ex- 
traneous signals (noise), geometric un- 
sharpness, and other forms of distortions 
prior to the final recording will lower these 
indices by affecting either or both the con- 
trast sensitivity and resolution. 

The data given in Table п are approxi- 
mate and will vary with technique, x-ray 
spot size, choice of film, etc. However, the 
values are reasonably representative. It 
should be pointed out that film alone has a 
much higher index than implied in the first 
row. The lowering 1s due to the technique 
employed (spot size, etc.). 

The column labeled R is the ratio of 
information index to patient dose. It should 
be remembered that, for the same informa- 
tion index, the patient exposure will be 
increased and R correspondingly decreased 
for thicker body sections and the use of 
grids because of their increased absorption 
of the radiation prior to detection. The 
values listed in Table mm are for typical 
conditions of observation and may not be 
calculated for other conditions unless these 
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COMPARISON OF INFORMATION CAPACITY OF VARIOUS SYSTEMS 









System Skin Dose (r) 


Radiography (film only) -5 


Radiography (film, plus 
screen) 


.OI 


Fluoroscopy 


Cinefluorography 2 (per frame) 





Fluoroscopy with Image 
Amplifier 


.008 (0.2 sec.) 


Cinefluorography with Image 
Amplifier 


.025 (per frame) 


Radioisotope Scanning (sin- 
gle bore collimator) 


с (internal organ dose) 


Ultrasonography 


Thermography 


Information Index R 
800 1,600 
500 | 5,000 
8о 4,000 
170 85 
130 16,000 
350 (noiseless) 

100 4,000 
| 

" 
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characteristics are known. Such data will be 
presented later. 

While the value of R is rather high for 
fluoroscopy both with and without an 
image amplifier, it must be pointed out that 
the dose is calculated for the averaging 
time of the eve (0.2 sec.) and there 1s no 
information storage involved. Thus, tor 
these two cases, a comparison with other 
techniques can only be made 1f one assumes 
that the brain has perfect memory for all 
the information delivered in a 0.2 second 
view. Actually, the total exposure dose for a 
given diagnosis is much higher in these two 
cases which results in a considerable lower- 
ing of R.* Further, à comparison of R for 
one frame of du е (with an 
image amplifier) with the R value for film 
plus screen shows that the latter 15 still a 
Р method even when considering 
patient dose. One must be careful in utiliz- 
ing R as anv basis for comparison since a 
certain minimum value of information 
(index) must be achieved for апу given 
diagnosis. Also, the index itself may not be 
the most desirable measure since obviously 
resolution may be of more or less impor- 
tance for a given diagnosis than assumed 
here. 

The radiologist has been well aware of 
the importance of maximizing contrast and 
resolution within the limits of а given 
exposure dose and has been responsible for 
the development of тапу techniques for 
their improvement. One has only to con- 
sider high speed, fine grain films, use of 
intensifying screens, grids for elimination of 
scatter, small focal spot x-ray tubes, proper 
patient positioning and control, use of large 
ranges of kilovoltage to make optimum the 
detectability of the defect under study, 
and, finally, introduction of electron optical 
devices and other electronic aids. 
these techniques have involved compro- 


* If a given fluoroscopic diagnosis would take 2 seconds, R 
would be reduced by a factor of то. This illustrates the value of a 
memory unit for storage and more leisurely evaluation of the 
data. Since the eve has a region of sharp focus of only $ cm.” at 
а 25 cm, viewing distance, a crude number expressing the in- 
fluence of storage versus "glancing" on information capacity 
would be the area of the film in cm.? divided by 5 


All of 
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mises that ultimately lead to optimizing the 
amount of information possible per expo- 
sure dose even though the total amount of 
informazon relative to the old technique 
may be actually decreased. It must be 
recognized that in most cases resolution is 
sacrificed for a greater gain in sensitivity 
while in a few instances the opposite choice 
is made. The addition of fluorescent screens 
to film is an example of the former, while 
the use of grids illustrates the latter choice. 

The increased use of electronic devices, 
however, has emphasized another parame- 
ter, namely, "noise" which is simply а 
random signal produced at all times within 
the system and which is independent of the 
real signal bearing the information. True 
noise (white or random) can be either elec- 
trical or mechanical (thermal) in nature. 
Electrical noises are generated within the 
circuit components themselves (7.e., tubes, 
transistors, etc.) while thermal (or mechan- 
ical) noises are due to random motion of the 
molecules of interest or to the distribution 
of grain size in the final film. Generally, 
graininess of the film and thermal motions 
have a much smaller impact on information 
capacity than the effect of mechanical 
motion of the patient, x-rav spot or other 
geometric uncertainties that produce un- 
sharpness. While one may treat patient or 
x-ray spot motion as “noise,” their tem- 
poral variations are significantly different 
from waite noise and may be eliminated 
(filtered) by shortening the time of observa- 
tion. 

Another manifestation of noise is that 
which exists in the signal itself and 1s due to 
the random nature of the very processes 
that give rise to the radiation. This is 
known as quantum noise in the case of 
particu.ate radiations and is usually unim- 
portant in most roentgenograms due to the 
large namber of photons available. How- 
ever, itis the limiting factor in radioisotope 
scanning, as will be shown later. It is im- 
portant to keep in mind that while some 
extraneous disturbances may affect resolu- 
tion and others the contrast, noise, in 
general, can affect both, depending on the 
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display and detection systems. In all cases, 
increased noise will result in decreased 
information capacity or information index. 
It is obvious that one must strive to bring 
the signal to noise ratio (S/N)* to a maxi- 
mum and that any manipulation of the 
signal will only introduce more noise. This 
may result in either an increased or de- 
creased over-all ratio depending on the 
manner in which it is done. However, 
nothing can be done about the statistical 
variations (quantum noise) in the input 
signal itself. 

The influence of system noise (as con- 
trasted with signal noise) has been mini- 
mized in communication systems by several 
techniques: 

(1) Negative feedback which introduces 
at the system input a signal opposite in 
phase to that appearing at the output and 
hence cancels out those signals arising 
internally in the system. 

(2) A signal modulation which increases 
the а priori knowledge as to the time of 
occurrence of the real signal. 

(3) Repeated observations of the same 
signal at different times (computor of aver- 
age transients or CAT). While the amount 
of signal 1s necessarily increased, the signal 
to noise ratio also increases as the square 
root of the number of observations. 

(4) Filtration, if the system noise or 
signal has known temporal variations. 

(5) Simply increasing the input signal if 
the source of noise is not signal dependent. 
This is essentially the same as (3). 

In roentgenography, where patient dos- 
age is the limiting factor, it is obvious that 


* By signal to noise ratio is meant the square root of the ratio 
of total signal energy to total noise energy received over the time 
of observation, or, equivalently, the ratio of the average signal 
to the rms value of its fluctuations. For a statistically varying 
signal (quantum noise), the variation in any group of particles 
occurring at random and containing M particles on the average is 
proportional to VM. Thus, the relative magnitude of the fluctua- 
tions is V M/M-- 1/V M and the signal to noise ratio is S/N 
= M/V Mav M. 

Roset and others have shown that the minimum observable 
contrast difference of a given area relative to background must be 
3 to ¢ times the rms fluctuations for minimum observable con- 
trast. This means, in essence, that the information index as used 
here is 1/5 the signal to noise ratio where 5 and № аге evaluated 
for each sq. cm. of image. 
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one cannot simply increase the exposure 
dose or total delivered energy. Since this 
total delivered energy is proportional to the 
total number of photons, we see that it 15 
also a measure of the information available 
for a given resolution. While for rate inde- 
pendent devices we will still have the same 
information capacity available at the de- 
tector whether the dose is delivered in a 
short or long time, the question remains as 
to how much noise 1s introduced during the 
time of observation. Neglecting patient 
motion, it is obvious that if a detector is 
recording for a period that is long compared 
to any signal pulse length, the noise ob- 
served during this time will be independent 
of pulse length and the signal to noise ratio 
will remain constant. If, on the other hand, 
the detector is gated “оп” only when the 
signal is on, then we see and record less 
noise as the signal pulse is made shorter and 
correspondingly more intense to preserve a 
constant energy. This results in an in- 
creased signal to noise ratio. This process of 
gating is really a special form of modulation 
as described above. While some x-ray 
sources are pulsed (primarily for stopping 
motion), the authors are not aware of any 
associated electronic equipment in radiol- 
ogy that is also gated to improve the signal 
to noise ratio. 

Regarding total energy or total number 
of photons as a measure of information 
under the circumstances of changing a 
viewing technique with constant dose, let 
us consider a typical roentgenogram of the 
abdomen with a laminagram of the same 
region. One parameter that we do not know 
and have not specified in our previous 
discussion, since we were dealing with two 
dimensional displays, is the value of resolu- 
tion in depth. Such resolution is obviously 
not present in a typical roentgenogram and 
the superposition of internal organs will 
introduce large geometric uncertainties. 

Now, in making a laminagram, where 
one sees a layer with a certain resolution in 
depth, the “out-of-focus” layers appear asa 
uniform film blackening (under ideal condi- 
tions) and, hence, reduce the contrast 
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sensitivity of the “in-focus” picture. Thus, 
in achieving depth resolution (ог, the elimi- 
nation of superposed geometric uncertain- 
ties), we have to sacrifice contrast sensi- 
tivity, implving that the maximum infor- 
mation available 15 a constant determined 
only by the total number of photons. While 
this has not been expressed analytically to 
date, the general conclusion is that for a 
given number of photons, an increase 1n 
information about one aspect of a record 
means a loss in others. To further pursue 
this aspect, electronic scanning devices 
have the inherent ability to change con- 
trast, "erase" unwanted backgrounds (7.e.. 
filter out the steady-state components), and 
to enhance contours. While these tech- 
niques do not change the available informa- 
Поп capacity,* еу undoubtedly allow 
easier and more rapid diagnoses bv the eve. 
Whether or not these ultimatelv allow a 
smaller svstem information capacity for a 
given diagnosis remains to be seen. 

Before discussing. the application. of 
Figure 1 to various diagnostic techniques in 
radiologv, let us first examine the final 
visual presentation. No computor or ana- 
Ivzing device has been constructed today 
that even remotely approaches the capa- 
bilitv of the eve-brain svstem. This svstem 
has an enormous range of amplitude sensi- 
tivities, ability to recognize complex forms, 
integrates and organizes quickly a large 
variety and number of bits’ of information 
and has a long time memorv bank for de- 
tection of alterations from some established 
norm. All this without reference to judg- 
ment which often allows the elimination of 
unnecessary and undesired information. 

While it may be concluded that the eye- 
brain system is superior to anything avail- 
able to date, it must be recognized that the 
information must be presented in such a 


* [tis to be noted that increase in amplification (contrast) will 
not change the signal to noise ratio if the noise is introduced prior 
to amplification since both are amplified equally. In most elec- 
tronic devices, the principal source of noise is usually in the input, 
or, for devices of the sort described here, in the signal irself. 
While it is recognized that the eve itself will limit the processes 
at very low illumination levels and "light amplification” is of 
definite value, the above statement is made for the usual case of 
the non-threshold limited eve. 
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manner as to enhance the efficiency of this 
svstem. Here the intensity of the illumina- 
tion mus: be sufficient to sharply increase 
the contrast sensitivity and visual acuity 
since at low intensities of light the rods are 
utilized instead of cones with loss in resolu- 
tion. If one plots the product of visual 
acuity and contrast sensitivity of the eve as 
a function of illumination level, the rela- 
tionship shown in Figure 2 15 obtained. This 
product mav be considered to be an infor- 
mation index for the eve similar to that 
defined previously for instruments.** This 
graph shows quite clearly that the apparent 
information index of the eve-brain system 
varies rapidly with illumination level. One 
can now introduce devices that will increase 
the illumination level of the display —at the 
expense of the information capacitv of the 
system, to be sure. However, the increase in 
information capacitv of the eve-brain svs- 
tem at high illumination levels usually more 
than compensates for any reduction. 
Unlimited gain, however, 15 inadvisable 
since there is no advantage in increasing the 
information capacity of the eve bevond 
that of the prior system. In fact, it may 
make the inherent noise more obvious. 
Козе“ has shown that the quantum ећ- 
ciencv of the eve over a great range of illu- 
mination levels is about 5 per cent which 
means that the eve is alreadv detecting 5 
per cent of the total information incident 
on it. Thus, anv light amplifier can only 
increase the 5 per cent to 100 per cent 
which is a net gain of 20. This limitation on 
gain, however, should not be confused with 
the enormous increase 1n convenience ac- 
cruing trom viewing at high light levels 
such as very short adaptation times, mini- 
mizing viewing disturbances, etc. A verv 
good example of the above discussion is the 
use of image amplifier tubes in fluoroscopy. 
As shown in Table mni when a typical 
Huorescent screen 1s viewed at very low 
light levels, the measured information 
index is 80, or Just about that of the eve as 


** [t is to be noted that this definition is for the statistically 
limited retina and is presumably the condition under which the 
data of Figure 2 were obtained. 
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Fic. 2. Characteristics of the dark-adapted eye. The Information Index is simply the reciprocal of the product 
of contrast sensitivity and the resolution (in cm.) at 25 cm. viewing distance. If the dark adapted eye is 
exposed to bright light, the values of information index will be lowered by a factor greater than 2,000. 


shown in Figure 2. Introduction of a typical 
image amplifier with a gain of 1,000 in 
brightness only increases the measured 
index to 130. For a typical fluorescent 
screen, about 107 x-ray photons per square 
cm. are absorbed and converted into light 
during the integration time of the eye. At 
this point, the signal to noise ratio is 4/107, 
or about 3X10. Now each x-ray photon 
creates about 5,000 light photons which 
produces a total photon density of 5X 101 
per sq. cm. While the signal to noise ratio of 
this is 2X 105, it is Important to remember 
that these photons are coming off in groups 
of 5,000 so the original signal to noise ratio 
is controlling. Due to the pupil diameter of 
the eye and its quantum efficiency, a reduc- 
tion of about 5 Х10% occurs in the light 
reaching the retina. This is 105 per apparent 
sq. cm. of image with a 5/М = 3oo. By our 
previous definition, this is an information 
index of 60 which is a reasonable compari- 
son with the measured value. This illus- 
trates the fact that the primary limitation 
in direct visual fluoroscopy is due to the 
fluctuations in the converted photon den- 
sity at the retina because of poor collecting 


optics and a low quantum efficiency as 
expected. 

Let us now consider the image amplifier. 
In order to preserve resolution, the input 
phosphor is generally made thin and only 
about 3X10? x-ray photons are converted 
into light with an $/N —1.7X 10*. Accept- 
ing the usually listed values of photon gain 
per cm.? (avg. 2,000) and including the 
efficiency, etc., of the eye, we end up with 
about .7X10 photons per apparent sq. 
cm. of image with an $/N =.8 Хто. The 
eye is no longer the limiting process. In- 
stead the original converted x-ray photons 
with a signal to noise ratio of 1,700 occupy 
this role. In this chain of events we assumed 
noiseless amplification and under these 
circumstances we obtain an index of 340 
versus a measured 130. It is interesting that 
if we now introduce noise in the light- 
photoemission-acceleration-light chain in 
the image amplifier we need only a signal to 
noise ratio of 650 to explain the discrep- 
ancy. This is a very low noise factor for 
electron tubes under these circumstances 
(some ‘television tubes have a $/N = $0) 
and shows the extreme care that must be 
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taken in construction. More recent tubes 
may have an even higher value than re- 
ported in Table 1. 

The above calculations show several 
significant points. Of fundamental impor- 
tance is the fact that the curve for the eve 
shown in ligure 2 cannot be used when the 
limiting statistical fluctuations аге pro- 
duced prior to detection at the retina even 
though the apparent brightness is very 
high. The controlling index is the minimum 
value in the chain of events including the 


ve. A second point is that the efficiency of 


the x-ray conversion to light is verv impor- 
tant when light amplification is used. Pres- 
ent dav fluorescent screens onlv convert 
about 25 per cent of the incident x-ray 
photon flux so an improvement of 4 is pos- 
sible. The last point is that, in anv over-all 
system, each and every step must be fully 
appraised in both conversion efficiency and 
signal to noise ratio. 

Itis to be noted in all this discussion that 
the information index does not depend 
upon the resolution but only upon the 
number of photons per ст. This arises 
from the basic definition which shows (ap- 
pendix) that as the area of visual integra- 
tion increases, the required contrast differ- 
ence for detection decreases and the prod- 
uct cr remains constant. Actuallv, data on 
the eye show that for large areas, one needs 
a smaller contrast difference (3 instead of 5) 
for identification which would make the 
index a little higher. In practice, however, 
resolution 1s à very important parameter 
for any diagnosis and probably should be 
specified separately. The discussion herein 
assumes that the resolution is at all times 
adequate for the problem at hand. 

While steps outlined in Table 1 for vari- 
ous x-ray diagnostic procedures are all 
familiar to the diagnostic radiologist, it is 
important to re-emphasize that all steps in 
the processes introduce noise and geomet- 
ric distortions and that each must Бе 
judged ı in terms of its effect on the over-all 
information per patient dose. These are 


shown in Tables па through пе for various 
systems. 
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To further pursue this general approach 
let us transfer our attention to radioisotope 
scanning. Here a collimated detector is 
used to determine and present the distribu- 
tion of radioisotopes in a particular organ 
or tissue structure. In this particular in- 
stance, the signal interaction may be con- 
sidered to be the distribution of the radio- 
isotopes since this is the primary alteration 

which determines the observed pattern. 
The detector is a scintillation counter in 
which the gamma ray signal is absorbed in 
a crystal and converted into light. This 
light signal in turn is converted into an 
electric charge which is amplified by a 
photo-multiplier tube and associated elec- 
tronics ard presented for display on film or 
printed out in spatial array on paper. There 
mav be an intervening storage svstem, such 
as tape or film with eventual presentation 
on film ог televison monitors. It is impor- 
tant to observe that distortion of the pat- 
tern arises from the nature of the detecting 
collimator and is indentical in its effect to 
the influence of the size of the focal spot in 
х-гауѕ. The scattered radiation is also a 
source of unsharpness, while noise arises in 
the scintillation counter from leakage and 
background, the photo-multiplier system, 
and finally, the storage svstem. In this 
particular system, the principal source of 
noise is quantum in nature due to the small 
particle flux emanating from the radio- 
active source itself. 

As mentioned, this limitation results 
from patient dose considerations only. A 
typical roentgenogram which results in a 
patient dose of perhaps o.1 r utilizes a flux 
about 10° photons/cm.J. The statistical 
fluctuation in this is 0.003 per cent and the 
resolution 1s 0.3 mm. On the other hand, a 
typical liver scan with a single bore col- 
limator produces a patient dose of 5 r, а 
resolution of 1 cm. and a detected photon 
density of about 300 per sq. cm. The statis- 
tical fluctuation in this is 6 per cent. The 
difference in information index per patient 
dose is tremendous as is shown in Table ти. 
These differences are due primarily to the 
poor collection efficiency of the detector 
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and the fact that the source continues 
emitting after the scintigram is made. 

To put it conversely, if roentgenograms 
were made with a very large focal spot 
equal to the size of the projected collimator 
bore used for isotope scans and the x-ray 
photon flux was reduced to the order of 300 
per sq. cm., the resultant roentgenograms 
would be essentially the same as scano- 
grams. 

Perhaps we have belabored this unneces- 
sarily, but we wish to point out that all 
physical instruments systematically used 
for pattern recording and display may be 
analyzed on the above basis. Any method 
or system which records a pattern of inter- 
nal organs and structures and uses visual 
presentation must clearly be of prime im- 
portance to the radiologist. At the present 
time, he has confined himself primarily to 
x-rays, since the signal interaction with 
tissues is of a unique character and the large 
amount of information that can be stored 
on film provides an exceptionally valuable 
display which can be received and managed 
by the eye-brain system. There are, how- 
ever, other promising systems, such as 
ultrasonic echo mapping and temperature 
mapping (thermography) which permit the 
visualization of internal structures in a 
different way. 

Ultrasonic echo mapping 1s based on the 
fact that sound waves are reflected at any 
boundary separating two volumes of differ- 
ent acoustic impedance. Since the resolu- 
tion is determined by the wave length of 
the sound wave, high frequency sound 
(ultrasound) is used. By pulsing the sound 
source and detecting the reflected sound 
(echos) at a later time determined by the 
distance to the boundary, a two dimen- 
sional picture can be made of the reflecting 
boundaries. 

The shape and orientation of the bound- 
ary, the difference in impedance, and the 
absorption of the intervening tissues deter- 
mine the intensity of the reflection. Patient 
dose is limited by the thermal rise of critical 
tissues due to the absorption of the ultra- 
sound. 
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Thermography is simply a collimated 
detector sensitive to the temperature of a 
given observed surface so arranged to scan 
an object and present a picture of the de- 
tected surface temperatures. Its use lies in 
the fact that disturbances in depth appar- 
ently can change the near surface tempera- 
ture of the skin. While patient dose is of no 
concern here (unless one is observing the 
response to an insult), observing time is 
distinctly limited by patient discomfort 
and environmental changes. 

These systems, as shown in Tables ud 
and rre, just as in the roentgenographic 
process, have inherent noise, geometric 
unsharpness, utilize storage, permit the 
manipulation of the stored information, 
and ultimately produce a visual display. 
The challenge presented to the diagnostic 
radiologist with these new devices is that 
he has indeed major contributions to make, 
because of his years of intensive involve- 
ment with the radiation signal which has 
been manipulated to provide a display 
pattern of internal structures and their 
eventual translation into disease processes. 
We believe that now it is becoming increas- 
ingly important for the radiologist to dis- 
sect out the various elements involved in 
the final translation of the signal into the 
visual display and the manner in which 
this visual display is best handled. 

Already there are in the background 
proposals for utilizing the radiation signal 
following its interaction in the body in ways 
other than those which we have tradi- 
tionally known. It is conceivable that the 
photons might be translated directly into 
electrical signals and eventually displayed 
in a system which does not utilize the 
photographic process. If this were indeed 
possible, enormous improvement in han- 
dling, storing, and transmission of the x-ray 
image could be realized. However, as has 
been pointed out earlier, every step in- 
volved in the conversion of the original 
signal reduces the information capacity. It 
may prove sensible to accept a more limited 
level of information in order to introduce 
important advantages in the manipulation, 
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detection, storage, and display of the roent- 
gen image. 

There is ample evidence to indicate that 
already there is far more information de- 
tected and stored in a roentgenogram on 
film than is necessary for most diagnoses. 

The future of visualization of internal 
structures 1s indeed promising, since the 
basic concepts are common to all systems, 
no matter what the origin of the signal. 
Radiology, with nearly 7o years of experi- 
ence, is in a highly advantageous position 
to make effective contributions. 


Hymer L. Friedell, M.D. 
Department of Radiology 
Western Reserve University 
Cleveland, Ohio 44106 
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From present day concepts of informa- 
tion and information content, 16 18 obvious 
that any precise message--Iike the letter $ 
— has an infinite information content. If we 
now look at “noise” as a message with a 
gaussian distribution of probabilities, it 
follows that any one sampling will not 
represent the desired average value, but 
rather will only have a certain probability 
thatitis the average value. From this view- 
point, then, it can be shown that the infor- 
mation content of a small sampling area 4 
of a spatial distribution of gaussian noise 
with an average density of 5 per unit area 
and a variance of ма in each area 1 1s 


Cga=log,/SA bits. Since there are 47 
areas per unit area, we have Cg= A 


consider < to be the "amplitude" of infor- 
mation theory, the signal power is S? and if 
we add noise with an rms variation of Nain 
each area 4, the usual formula for the 
information capacitv of a channel becomes 


KS? 172 
= d-logsl —— | bits/unit area 
МА. 


tor AK ИМА os: 
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This formula holds onlv if the svstem is 
mean square limited and has no intersvm- 
bol inter*erence. Intersymbol interference 
occurs when signal from adjacent test areas 
“floods” over into the actual test area. A is 
a constant that essentially determines the 
risk of error involved. It is interesting that 
if we consider the added channel noise to be 
the noise in the signal itself and А — 1, then 
note tha: the above formulation for Na 
results from the fact that the rms devia- 
tions in the average number 5 become 
larger as the test area becomes smaller. 
Consider now the information index as 
defined bv Hay? where 1t 15 assumed that 
for a test area (square, of sides d=1/r 
where r is the resolution) to be just seen, it 
must differ in number of events from adja- 
cent test areas of the same size bv atleast 4 
to 5 times the rms variations in these same 
adjacent areas. If $ is the average num- 


7 


Defining the contrast sensitivity c= А 47, 
AN al, we see er 1 У 8. 

Now, if we add noise with an rms varia- 
tion of N per unit area, we see that the total 
rms fluctuation in the adjacent background 
test агеаѕ :5 


апа 


fo Г AN? > i. 


It is verv important to note that the 
index is concerned with the number of 
events and their fluctuations in each test 
area while the information capacity is 
concerned with the influence of the fluctua- 
tions in the test area on the determination 
of the average number of events per unit 
area. Along this line, the contrast sensitiv- 
itv as dened and used in the “index” in- 
creases with the test area which is a prop- 
ertv of tke threshold limited eve. Thus, we 
see again that the "index" 1s a measure of 
the optimum performance of a svstem 
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including the eye while the "capacity" is 
concerned only with the capabilities of the 
system prior to the eye. By the above rela- 
tions, however, it is possible to calculate the 
information content of a gaussian message 
as seen by the threshold limited eye-brain 
system. This can be considered to be the 
information “capacity” Cg of the eye. 
We obtain 


Св = A logs [1 + А (ет): pe 


= 473 logio (1 + oye (ог K~ = 


This formulation shows an increase in 
information capacity with increasing reso- 
lution and contrast sensitivity. 

Using data for the eye at 25 cm. viewing 
distance and high illumination levels (100 
millilamberts), we compute Cg 1.9 X 10^ 
bits/cm.? of apparent image at 25 cm. 
which 15 about } that of film and доо times 
that of one television frame. This final eye- 
brain image capacity obviously depends 
upon both the resolution and the illumina- 
tion level and represents the upper limit to 
any visual interpretation of a message. 

If extraneous noise of power N? per unit 
area is introduced into the system, it is 

К? 4 


possible to show 
1/2 
rra) 


for N* > $, 





Cg = Cc = A logs ( + 


~ logs (КА УЛ) 


This expression is obviously the informa- 


r$» 
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tion capacity of the over-all eye-brain 
system when the limitations (noise) are 
introduced prior to the eye. In this case it is 
assumed that the eye has sufficient illumi- 
nation so that it is not threshold limited. 
For cases where the noise is signal depend- 
ent, the formulation must be modified 
slightly. Enlargements and applications of 
these concepts to other systems such as 
scintiscanning will be given in another 


paper. 
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STEREOSCOPIC ILLUSTRATIONS* 


By JOSHUA A. BECKER, M.D.f 


PHILADELPHIA, PENNSYLVANIA 


HE problem of the perfect presenta- 

tion of a stereoscopic image on the 
printed page has not been adequatelv 
solved. Various processes have been de- 
vised and used in the publication of stereo- 
scopic material. 

The list of these includes: 

1. Crossed eye presentation. Тһе viewer 
crosses his eves and, using the appropriate 
stereoscopic pair of films, he will fuse the 
images into a three dimensional view. 

2. Stereopticon. This is а mechanical 
device to present a separate image to each 
eve. The old tvpe used in the early 1900s 
has been replaced by the stereoscopic 
viewer of today equipped with adjustable 
optics and a battery light source. 

3. Anaglyphic process. In this method 
the stereoscopic images are printed, super- 
imposed, either in two colors or in the 
polaroid process. The images are separated 
with appropriate colored glasses; 7.e., red 
and green or polaroid glasses. 

4. Lenticulated paper. This is a patented 
printing process that has recently been 
introduced. Its expense and fidelity are 
problems that limit its present use. 


For the observer to see in depth, two 
images are required, each with a different 
perspective; f.e., equivalent to that pro- 
duced by 2 inches of separation in the 
viewing of the scene: the interpupillary 
distance. This is obtained in roentgenology 
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by shifting the roentgen-ray tube апа ex- 
posing two films—the right eve and left eye 


roentgenograms. These two images permit 
us to identify the depth relationships. 
Photographers have used the following 
simple method in the illustration of 3 di- 
mensional objects: with optimal black and 
white reproduction, a stereoscopic image 


can be seen with the aid of a 2X3 inch 
pocket mirror. 

Starting with the stereoscopic roentgeno- 
grams, the illustration is processed in the 
tollowing manner: 


1. The left eye film is reproduced in the usual 
manner for the preparation of printed illustra- 
tion. 

2. The right eye roentgenogram is turned 
over, reversing the left and right side, and 1s, 
therefore, a mirror image of itself. 

3. This right eve mirror image 15 now used to 
produce the plate for the illustration. 

4. The final prints of the right and left 
images should be large enough, so that, with 
the head approximately 1 foot from the page, 
either image will fill the field of view of one eve. 

5. These illustrations are placed 2 inches 
apart on the page. 


For viewing, the small mirror is placed 
along the right side of the nose, the mirror 
side towards the right eve (Fig. т, Zand В). 
The mirror should almost block the left eve 
image from the right eye. The mirror is 
angulated to reflect the right eve image, 
and the head is moved from side to side 
until the two images are of equal size. Then, 
the mirror is again angulated until the right 
eve image 15 superimposed on the left eve 
image. The observer should then stare 
slightly to the left, and the image will be 
seen stereoscopically. 

We have been impressed with the aid 
that stereoscopic studies can give in certain 
instances (Fig. 2, Æ and В); we hope that 
others who are similarly inclined may use 
this technique to illustrate their findings.” 
Temple Un:versity Hospital 
3401 N. Broad Street 
Philadelphia, Pennsylvania 19140 


* A similar method for stereoscopic viewing of roentgenograms 
was published in this Journar by E. 5, Kerckes, 1956, 75, 140. 


* From the Department of Radiology, Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania. 
+ Scholar in Radiologic Research of the James Picker Foundation. 


(For illustrations, please turn page) 
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an easily be separated from 


the bookcase behind him; note how clearly several hairs on his head are seen when the scene is viewed 


stereosct ypicall y. 





FIG 


2. (4) Left eye. (B) Right eye. 
structures. The sphenoid ridges and petrous 
are superimposed on the two dimensional roentgenogram. 





This is a posteroanterior projection—the orbits are the most distant 
can be seen as separate portions of the skull, although they 


Vor. 94, No. 3 


MEDICAL THERMOGRAPHY* 


By J. GERSHON-COHEN, M.D., D.Sc. (Мер.), and J. D. HABERMAN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


HERMOGRAPHY is a form of heat 

portrayal which can be used effectively 
in medicine. Since heat is a form of energy 
confined to the infrared portion of the 
electromagnetic spectrum, thermography 
might be referred to as another radiologic 
discipline. Infrared radiation is part of the 
same electromagnetic spectrum which com- 
prises roentgen rays and gamma ravs, the 
basis of roentgenologic and radiologic prac- 
tice. Thermography might therefore some 
day assume importance similar to roent- 
genology, although concerned with a dif. 
ferent portion of the electromagnetic spec- 
trum. 

Every object whose temperature is above 
absolute zero spontaneously emits electro- 
magnetic energy in the infrared part of the 
spectrum. The total amount of energy 
emitted 18 proportional to the fourth power 
of the object’s temperature and is expressed 
in "degrees Kelvin"—7e, 32°F. =0°C. 
= 273 k. Thus the total radiant energy 
emitted by every object may be expressed 
by the formula АЕТ", where emissivity 
or E varies from zero to unitv and de- 
scribes the physical and chemical character- 
istics of the object's surface. For a perfect 
mirror which reflects 100. per cent of the 
energy striking it, Æ would be equal to o; 
for a perfectly opaque object, where all the 
energv striking 1t 1s absorbed and none is 
reflected or transmitted, E would be equal 
to т. lor a highly polished mirror Æ is 
about 0.02, whereas for human skin Æ 
approaches 1. 

Energy emitted by man falls within a 
broad band of wave lengths stretching 
from about 3 u to beyond 20 p, with a 
maximum at about то џи. Although these 


wave lengths are invisible (visible light ex- 
tends from about 0.4 u for violet to o.8 u 
for red), they may be collected optically, 
amplihed electronically, and utilized in 
much the same fashion as light. To instru- 
ments sensitive to this infrared part of the 
spectrum all objects appear incandescent 
in their own self-emitted "light," and mav 
therefore be detected, measured, or photo- 
graphed.! 

The detection and study of self-emitted 
infrared rays thus provide us with a power- 
ful diagnostic method and make possible 
a direct approach to nondestructive test- 
ing. The potentialities of this method are 
obviously great, and its total scope in 
medicine is as yet undetermined.” 

Almost 100 years have elapsed since 
Wunderlich demonstrated the value of re. 
cording body temperature in the diagnosis, 
prognosis, and treatment of illness.? With 
the introduction of the prototvpe of the 
present-day clinical mercury thermometer, 
thermometry was put on a practical basis 
and rapidly achieved universal acceptance. 
An oral thermometer measures onlv the 
temperature of the mouth, vet it has served 
so effectively to reflect the temperature of 
the body that such readings are manda- 
tory on every patient's hospital chart. 

Since skin is a perfect absorber of heat, 
it is also a perfect emitter, and the emanat- 
ing infrared ravs can be detected and re- 
corded with thermisters, thermocouples, 
thermopiles, and more sophisticated ap- 


paratus often referred to as thermo- 
graphs." Thermography is а method 


which measures these infrared emissions so 
as to obtain an accurate determination of 
surface temperatures of the body. Contact 


* Presented at the Sixty-fifth Annual Meeting of The American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


From the Division of Radiology, Albert Einstein Medical Center, Philadelphia, Pennsylvania, Supported in part by USPHS Grant 
No, CA-c7084 (02) RAD from the National Cancer Institute, Bethesda, Maryland, and by the Samuel S, Shubert Foundation, Inc., 
through the god offices of Mr. Lawrence Shubert Lawrence, Jr., New York, New York. 

Some of this material was presented in the George E. Pfa‘ler Oration given at the Twenty-eighth Annual Postgraduate Institute of 
the Philadelphia County Medical Society, April 2, 1964, in Philadelphia, Pennsylvania, 
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with the skin, necessitated by thermo- 
couples, is avoided. Other advantages are 
rapidity of recording, integration of meas- 
urements of small skin areas rather than 
point contact recordings, and avoidance of 
thermal loading. 

In the apparatus we are now using,* the 
infrared radiation emitted from a patient 
falls upon a scanning mirror and is then 
focused upon a sensitive thermister heat 
detector. By means of a rotating chopper, 
the incoming energy is compared 200 times 
per second with the energy being emitted 
by an ambient controlled temperature 
reference. After the infrared radiation has 
been converted by the thermister to an 
electrical signal and after the signal has 
been suitably amplified and processed, pro- 
portional output is used to control the 
intensity of a glow modulator tube which 
emits visible light. This light is reflected 
from a mirror attached to the back of the 
scanning mirror and then focused upon the 
fim of a camera. A quantitative two- 
dimensional record of the infrared emission 
from the subject is thus obtained directly 
from the density of the photographic film. 
The hot areas are portrayed in light shades 
of gray and the cool areas in darker tones. 
To facilitate calibration, 10 sensitivity 
ranges of known values are reproduced on 
each thermogram, forming a quantitative 
“thermal gray scale." The sensitivity of the 
apparatus may be varied so that the full 
dynamic capability of the film may be 
utilized for any one of the Io ranges of 
temperature difference. 

With a portable radiometer recently 
made available, direct surface temperature 
readings over a suspect area can now be 
made and compared with those of its op- 
posite symmetric image. This instrument 
also makes possible selection of proper set- 
tings on the thermograph in order to take 
advantage of the full dynamic range of the 
film emulsion. Optimal contrast is thus 
achieved in the same way that the selection 
of proper kilovoltage governs procurement 
of optimal contrast on roentgenograms. 


* Barnes Engineering Co., 30 Commerce Road, Stamford, 
Conn, 


J. Gershon-Cohen and J. D. Haberman 
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The infrared apparatus may be focused 
from 3 feet to infinity and can encompass 
ro angular degrees vertically and 20 angu- 
lar degrees horizontally. The full scan of 
the patient can be obtained in 4 minutes. 
The picture or thermogram contains ap- 
proximately 60,000 bits of temperature in- 
formation with an optical resolution of 
about one angular mil. This resolution can 
record detail as small as } inch ata distance 
of то feet.'” 


Fic. 1. Acute rheumatoid arthritis. Thermogram 
made 4 days after the onset of pain, swelling, and 
tenderness of the left knee and ankle reveals in- 
creased skin temperature (>2°C.) over these 
joints. The course of this attack could be followed 
objectively by repeated examinations similar to 
our current one employing the oral thermometer, 
but in this case, the oral temperature was normal. 
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Fic. 2. Infiltrating duct carcinoma of left breast. (4) Thermogram reveals 2.5?C. skin temperature elevation 


over lesion in left breast, as compared with similar area of the right breast. (B) Mammogram of lesion. The 
presence of surrounding sclerosing adenosis was also reported by the pathologist. The patterns of elevated 
temperatures over both breasts have intrinsic diagnostic implications of physiologic and pathologic states, 


which will require further study and analysis, also suggested by the findings shown in Table r. 


CLINICAL APPLICATIONS 

Using our present apparatus, the un- 
clothed patient is exposed to an ambient 
temperature of 70°F. for 15 or 20 minutes. 
The patient is permitted to lie comfortably 
in à prone position during the examination, 
since the radiation coming from the body 
can be reflected into the camera from a 
mirror above the patient angled at 45°. The 
front rather than the rear surface of the 
mirror is silvered so as to permit optimal 
reflection of the infrared rays. 

If the breasts are to be examined, the 
arms are raised so as to prevent cross radia- 
tion of the axillae from the arms to the 
chest wall. The shade of gray on the 
thermogram over the suspected lesion is 
compared with a similar area of the contra- 
lateral breast with reference to a stand- 
ardized thermal gray scale. This is done 
with a recently developed densitometer and 
an automatic X-Y plotter by which the 


thermogram is analyzed with objective 
precision instead of by the unaided eve.? 
Differences in temperature are thus deter- 
mined and when found to be locally ele- 
vated, an abnormal physiologic or patho- 
logic process may be suspected such as 
might characterize a rapidly growing neo- 
plasm, inflammation, or an unusually ac- 
tive physiologic process. 

Among more than 3,000 examinations, 
elevation of skin temperature has been 
found over such diverse conditions as pri- 
mary and metastatic cancers, fractures, 
contusions, myositis, tendonitis, herniated 
disks, arthritis, and various 
forms of peripheral vascular disease. Among 
patients with breast cancer, more than 95 
per cent have been found to exhibit local- 
ized skin temperature elevations. Not all 
local skin temperature elevations of the 
breast are due to cancer (Table 1). 
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Ihe reading of thermograms is ap- 
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Гс. 3. Breasts and position of placenta during 8th 
month of pregnancy. Skin temperature of both 
breasts is > 1,5 C. normal tem- 
perature. Elevated temperature over lower ab- 
domen, >1.0°C., marks confirmed position of the 
placenta in upper anterior portion of uterus. Um- 
bilicus and nipples are identified by aluminum 
markers placed in position before thermographic 
examination. 


above average 


proached in many respects like that of 


clinical thermometry but with ап 1m- 
portant difference. An elevated oral tem- 
perature of itself does not establish a diag- 
nosis. In contrast, a localized elevation of 
skin temperature as revealed by a thermo- 
gram circumscribes the area of study. Since 
the thermogram records thousands of tem- 


perature variations in meaningful shades of 


gray to form a pictorial map, not unlike a 
conventional roentgenogram, familiariza- 
tion with these variations and their signif- 
cance leads to recognition of valuable diag- 
nostic criteria much like that involved in 
the interpretation of roentgenograms. 
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Finally, thermography, like thermom- 
etry, is among the first steps to be taken 
in the examination of a patient; but since 
thermography pinpoints the area to be in- 
vestigated further, arrival at a final diag- 
nosis is hastened. Examples of the varied 
uses of thermography illustrated in 
Figures 1 through 5. 


arc 


DISCUSSION 


Localized skin temperature elevations 
have long been recognized to be present 
over inflammatory processes, but Lawson,’ 
and Williams, Williams, and Handley?" re- 
ported elevation of skin temperature over 
malignant tumors. Carried out under con- 
trolled conditions, thermography unearths 
a wealth of information concerning meta- 


bolic activity of structures within the 
body.*" 
Thermography must not be confused 


with infrared photography, which depends 
upon waves reflected by the surface of the 
object photographed. The short infrared 
rays used in infrared photography must 
come from a hotter extrinsic source. On the 
other hand, the infrared radiation used in 
thermogr aply lies in that portion of the 
spectrum to which sensitive photographic 
emulsions are not available. By converting 
the long infrared rays in the thermograph 

light waves, however, ordinary photo- 
graphic films may be exposed. 


TABLE | 


BREAST 
TEMPERATURE 


ASSOCIATED WITH 
ELEVATIONS 


DISEASES OF THE 
LOCALIZED SKIN 














No. Eleva- Eleva- 
Diagnosis of tion tion 
Cases. 32°C, AT 
Normal 90 16 74 
Сапсег 91 88 3 
Adenosis and Mazo- 
plasia Cystica 62 8 $4 
Secretory Disease 23 8 15 
Fibroadenoma 19 9 IO 
Cysts 17 3 L4 
Epithelial Hyperplasia 13 6 7 
Plasma Cell Mastitis 4 3 I 
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Ето. 4. Metastatic prostatic carcinoma to lumbar vertebrae and right pelvis. (4) Skin temperature over 
lumbar area and right pelvis is elevated, >2.0°C. Compare light (warmer) gray tones over lateral right pelvis 
with darker (cooler) similar areas of the left pelvis. (5) Right lateral thermogram reveals mosaic pattern of 
temperature elevations over metastatic lesions in ilium and iszhium. 


It would be natural to suppose that the 
skin temperature elevation over pathologic 
processes would stem chiefly from the asso- 
ciated increased vascularrty, but observa- 
tions already made indicate that the cause 
resides more in the cellular activity of the 
lesions. The increased number of cells 
involved in an inflammatory or malignant 
process or in an area of increased cellular 
metabolic activity seems to be largely re- 
sponsible for the elevation of local tempera- 
ture. The absorption and raciation of heat 
from these lesions by the overlying skin 
make thermographv possible. 

Research and development of infrared 
detectors have advanced considerably in 
the last 3 decades. [Infrared sensing devices 
in the nose cones of rockets guide them 
toward a hot target with phenomenal ac- 
curacy. [Improvements in the sensitivity 


and response time of photo-conductors and 
the improvement of signal-to-noise ratio 
achieved with cooling the detectors have 
made it possible to detect the heat of a 
match at 20 miles with a response time on 
the order of microseconds. With 
rapid.y expanding knowledge, application 
of these new techniques to medical prob- 
lems should result in ever more sensitive 
and efficient apparatus.” It is hopefully 
anticipated that technical advances in ther- 
mography will help to accelerate its use in 
the d agnosis, prognosis, and treatment of 
a wide variety of diseases. 


such 


SUMMARY 


Thermograms are images of body suv- 
face temperatures which record changes 
over localized metabolic, inflammatory, or 
malignant disturbances in and below the 
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Fic. 5. Thrombophlebitis, left leg, associated with a 
pattern of skin temperature elevations varying up 
to>2.0°C. over upper leg and ankle as compared 
with opposite side. To follow progress of disease, 
serial thermograms can be obtained similar to oral 
temperature charting during the course of an ill- 
ness. 


skin surface. Some applications of this 
technique to medicine have already been 
made in the study of fractures, trauma to 
the soft tissues, arthritis, localized inflam- 
mations, primary and secondary malig- 
nancy of the soft tissues and bones, and in 
peripheral vascular disease. 

In conjunction with mammography, 
thermography has yielded much helpful 


and J. D. Haberman 
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data in diagnosis and treatment of breast 
diseases. Physiologic activity within the 
breasts and placental localization during 
pregnancy have produced positive thermo- 
graphic findings. With widespread applica- 
tion of this discipline and with improve- 
ments in apparatus aad techniques, it 15 
expected that thermography will broaden 
its scope of clinical usefulness in biology 
and medicine. 


J. Gershon-Cohen, M.D. 

Albert Einstein Medical Center 
York and Tabor Roads 
Philadelphia, Pennsylvania 19141 


We are grateful to R. Bowling Barnes, 
Ph.D., President, Barres Engineering Co., 
Stamford, Conn., for his expert help and coun- 
sel. 
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ABSTRACT CARD CLASSIFICATION AND RETRIEVAL 
SYSTEMS FOR RADIOLOGIC LITERATURE* 


By RICHARD E. ERNST, 


M.D. 


ST. LOUIS, MISSOURI 


S A result of the rapidly expanding 
volume of medical literature published 
each year, it is becoming progressively more 
difficult and time-consuming to find spe- 
cific information in the journals. For this 
reason, a practical radiology abstract classi- 
fication and filing svstem based on the use 
of edge-punched cards has been developed 
to be used as an adjunct to the established 
methods of searching the literature. 

While at times it is important to thor- 
oughly investigate the literature, more 
frequently in the practice of radiology it is 
sufficient to recall a recently read article for 
review. This article provides not only the 
latest information but a bibliography of 
additional references which can be utilized 
if necessarv. However, the time and effort 
required for even a limited search of the 
recent literature, using the cumulative 
indices, the volume indices, and the tables 
of contents of several ditferent journals, can 
prove discouraging. 

Many radiologists have tried to simplity 
the problem of recall by using abstract 
cards to record summaries of articles they 
have read. Such a card file provides a quick 


reference to specific current information of 


personal interest. While there 1s merit in 
such a card file, as it expands, the usual 
limited number of filing categories, lack of a 
simple method for cross-indexing, and 
difficulty in easily updating it by separating 
older abstracts from more recent ones 
seriously limit its value. 

Numerous classifying and indexing sys- 
tems have been developed for roentgeno- 
logic examinations. 37 Others have been 
designed for radiation therapy records.?? 
However, in only a few of the medical spe- 
cialties has consideration been given to the 
need for a practical abstract card classifica- 
tion and retrieval system. In 1945, Duncan 


et al? devised such a system for anesthesi- 
ology literature based on the use of edge- 
punched cards. Ochs? in 1957 developed a 
similar system for neurophysiology. 

We have designed an abstract card classi- 
fication and retrieval system for radiologic 
literature that retains the advantages 
inherent in a personal card file but mini- 
mizes the disadvantages. This system 


utilizes edge-punched cards, thus permit- 


ting rapid and efficient sor ting of the ab- 
stracts bv semimechanical means without 
the need for expensive equipment or spe- 
cialized training. 


EQUIPMENT 


The card used with this system is an 
inexpensive, standard 3-3/10 inch by 7-1/2 
inch edge-punched card of convenient size 
for handling and filing (Fig. 1). Holes 
punched around the periphery of each card 
are assigned specific numbers and functions 
of the classification system. Each hole is 
coded by notching away that portion of the 
card between the hole and the edge. This 
notching allows the coded cards to be sepa- 
rated from the unnotched cards when a 
sorting needle is inserted in one of the holes 
of a group of cards. Since the notched cards 
have nothing to support them on the 
needle, they fall away from the group, 
leaving the unnotched cards on the sorting 
needle. 

Two coding methods are used: direct 
code and numerical code. In the direct code 
a singie number and function are assigned 
to each hole. Notching a hole codes the 
number and function assigned to that hole. 
The numerical code 1s a space-saving device 
that uses only four holes to code a set of 
numbers from 1 through g. These four holes 
are assigned numerical values of 7, 4, 2 and 

By notching either a single hole or a 


* From the Department of Radiology, De Paul Hospital, St. Louis, Missouri. 
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liG. І. Reproduction of the standard 3-3 








o inch by 7-1/2 inch index card printed with the basic classification, 


(This printed key sort сага is available through Royal McBee—No. J 3098*C.) 


combination of two holes, anv number trom 


| through g can be expressed bv the sum of 


the numerical value(s) of the ћоје(5) 
notched in each set. À set of four holes can 
thus be used to code as many as g items. 

The direct code is the simpler of the two 
methods to understand and 1s, therefore, 
used whenever possible. Because of the 
limited number of holes around the periph- 
ery of each card, 1t 1s necessary to resort to 
the space-saving numerical code for less 
frequently used data. For example, the last 
two digits of the publication year of each 
abstracted article are coded along the left 
border of the card, using two sets of the 
numerical codes. The numerical code 15 also 
used to provide additional space on the 
card for coding certain minor subdivisions 
of the basic classification system. 

The basic classification has been printed 
directly on each card. This system mini- 
mizes the need for reference to additional 
charts when coding, notching, and later 
sorting the cards, thus simplifying these 
procedures and greatly decreasing chances 
for error. 


CLASSIFICATION SYSTEM 


The purpose of the classification system 
is to provide a simple and practical means 


of separating the radiologic literature into 
categories of related subject matter and to 
permit rapid retrieval of the needed infor- 
mation. 

Everv effort has been made to provide 
adequate separation of information, while 
preserving simplicity апа practicability. 
Occasionally, there will be ambiguity in 
classifying and coding certain articles. We 
believe, though, that this dithculty 1s more 
than offset by the rapidity and flexibility 
with which the bulk ot information can be 
retrieved, the objectives of this system 
being to permit ‘the radiologist to quickly 
locate a relatively small number of related 
abstract cards on any particular subject 
which he can then further evaluate by 
manual-visual sorting for the exact infor- 
mation he desires. 

The basic classification system consists of 
three major fields: Field 1—General, Field 
II—Anatomic, and Field 11—Descriptive; 
with each field divided into a number of 
related subject headings as shown in Ta- 
ble 1. 

Classification under Field 1 permits the 
primary separation of the literature into a 
limited number of large, generally well- 
defined categories. Classification under 
Field 11 describes the anatomic character (1f 
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Tage I 


BASIC CLASSIFICATION SCHEME INDICATING THE SUBJECT HEADING FOR EACH OF THE THREE MAJOR FIELDs* 


MERE 


L Genera 


I. Diagnosis 

2. Therapy 

3. Physics 

4. Protection 

5. Radiobiology 

6. Education and history 
7, Other 


ll, Anatomic 


Nervous system 

Skull, mastoids, and sinuses 

Neck, pharynx, larynx, and thyroid 

Bone, general, spine and pelvis 

6. Extremities, bones, joints, and soft tissues 

7. Hemic, lymphatic, reticuloendothelial sys- 
tems, and spleen 

8. Skin, muscle, connective tissue, and breast 

9. Mediastinum, thorax, and diaphragm 

10. Lungs, and pleura 

11. Heart, and great vessels 

12. Abdomen, peritoneum 

13. Gastrointestinal system (general), upper 
gastrointestinal system and small bowel 

14. Colon 

15. Liver, gallbladder, and pancreas 

16. Genitourinary system, retroperitoneum 

17. Male genital 

18. Female genital 


мачор ма тоне — petats 


* This information is printed on each of the edge-punched cards, 


any) of the material. Arbitrarily, two of the 
subject headings under Field п are used to 
provide separation of pediatric and geriat- 
ric information from the general literature 
because of the special problems related to 
these facets of radiology. Field ш provides 
the necessary further separation of the 
abstracts according to the usual needs of 
the radiologist. These subject headings, 
therefore, define the nature of the disease 
processes, the type of diagnostic and thera- 
peutic measures used, techniques and com- 
plications, as well as basic experimental 
work, 

Provision has been made for possible 
further expansion of the classification in 
order to adapt the svstem to the needs of 
each individual user. Each abstract card 







20. Generalized disease 
2I. Others 


53. 

23. 

24. Pediatric 
25. Geriatric 


ПІ. Descriptive 


Congenital, hereditary and developmental 
Metabolic, endocrine 

Inflammatory, calcification 

Degenerative, collagen, immune 
Traumatic, mechanical 

Benign lesion, tumor, cvst 

Primary neoplasm 

Secondary neoplasm 

Therapy, general, orthovoltage 

. Therapy, supervoltage 


ont 
(OO Sn Rin LO dO ч 


11, Therapy, superficial 

12. Therapy, radium, sealed sources 
13. Chemotherapy, surgery 

14. Isotopes 


15. Equipment 

16. Technique 

17. Vascular (contrast media) 
18. Complications 

19. Experimental 

20. Other 


contains space for numerical coding of up to 
9 minor subdivisions under each of the 
subject headings of Field 1 and Field in. 
space has also been provided for direct 
coding of up to g minor subdivisions under 
чеја и. 

The minor subdivisions of Field п are 
given in Table m. Minor subdivisions of 
Field 1 and Field ти are left to the require- 
ments of each radiologist. 


METHOD OF USE 


In practice, an abstract is classified by 
appropriate coding, 1f possible, under each 
of the three major fields. When there is a 
question as to which of several possible 
subject headings is to be used in coding an 
indivicual abstract, it should be coded 
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TABLE II 


MINOR SUBDIVISIONS OF THE SUBJECT HEADINGS 
FIELD II—-ANATOMIC 


I. Nervous system 8. 
1. Meninges 9. 
2. Ventricles and midline structures 6. Extremities, bones, joints, and soft tissue 
3. Brain, general ii | 
4. Brain, supratentorial (carotid artery and 1. Upper extremities (soft tissues and vessels) 
branches) 2. Shoulder girdles and long bones 
с. Brain, subtentorial (vertebral artery and 3. Carpals, metacarpals, and phalanges 
branches) 4. Lower extremities (soft tissues and vessels) 
6. Cranial nerves 5. Long bones (excluding hips) 
7. Spinal cord 6. Tarsals, metatarsals, and phalanges 
8. Peripheral nerves 7. 
8. 
9. à 


. Skull, mastoids, and si | А | 
uS ак dU NEM 7. Hemic, lymphatic, reticuloendothelial systems 
1. Cranial vault | (spleen) 


2. Base of skull (sella turcica) 
3. Ear and temporal bone 
4. Accessory sinuses 


1. Hemic, general 
. Bone marrow 


2 
£. 3. Lymphatic 
6 4. Reticuloendothelial system 
7. 5. Spleen 
8. 6. 
7 
9. 8 
3. Facial bones, soft tissues and teeth 9 
os tee em ma) - 8. Skin, muscle, connective tissue, and breast 
3. Eye and orbit I. Skin 
4. Oral cavity 2. Muscle 
с. Salivary glands 3. Connective tissue 
6. Soft tissues ` 4. Breast 
7. ©. 
8. 6. 
9. "s 
8. 
9. 


4. Neck, pharynx, larynx, and thyroid 


I. Soft tissues 

2. Pharynx 

3. Larynx l 
Thyroid, parathyroid 


9. Mediastinum, thorax, and diaphragm 


. Mediastinum, general (middle) 
Mediastinum (anterior) 

. Mediastinum (posterior) 
Bony thorax and sternum 


4- 
5. 
6. 
7. Diaphragm 
8. 
9. 


v от отд фро рн 


с. Bone (general), spine and pelvis 


" ick ain tl свеце 10. Lungs and pleura 

4: Cervical spine 1. Respiratory system, general 
4. Thoracic spine i 2. Trachea 

5. Lumbar spine 3. Bonchi and lungs 

6. Sacrococcygeal spine 4. Pleura 

7. Pelvis, sacroiliac, and hip joints . f. 


rem m e i a e a ади 
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. Heart and great vessels 


О 


14. 


= 
ty 
* 


i, Heart 

2. Pericardium 

3. Lesser circulation 

4. Aorta and great vessels 
g. Vena cava 

6, Azygos system 


Abdomen and peritoneum 


1, Abdominal cavity 
2. Peritoneum 


system and small bowel 


1. Gastrointestinal, general 
2, Esophagus 

3. Stomach 

4. Duodenum 

<. Jefunum and ileum 

f 


Colon 


I, Cecum 

2. Ascending colon 
3. Transverse colon 
4. Descending colon 
$. Sigmoid colon 

6. Rectum 


7. Appendix 
9. 


Liver, gallbladder, and pancreas 


|, Liver 

2. Gallbladder, bile ducts 
3. Portal system 
Pancreas 


18, 


. Gastrointestinal (general), upper gastrointestinal 


19. 


Taste H-—(Continusd) 


Genitourinary system, retraperitoneum 


I. 


= 
: 


Genitourinary system, general 
Aidneys 

Renal pelvis and ureters 
Bladder 

Urethra 

Retroperitoneum (adrenals) 


Mate genital system 


E. 


t3 


Reproductive system, general 
Scrotum 

Testicles, epididymis 

Seminal vesicles and ducts 
Prostate 

Penis 


Female genital system 


I. Reproductive system, general 
2. Ovaries 

3. Uterus and adnexae 

4. Cervix uteri 

$. Vagina 

6. External genitalia 

9. 

Obstetrics 


1. Obstetrics, general 


t3 


ће 


9. 


+ 


Felvimetry and placental localization 
Fetal determination 


Generalized disease 
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ТАВЉЕ IL—(Continued) 


22. 


under that subject heading most nearly 
describing the gist of the article. If this 
cannot be determined, two or more subject 
headings under the same field may be coded 
and the card notched accordingly. This 
particular abstract card can then be re- 
trieved from the file by sorting for any of 
the subject headings previously notched. In 
a similar manner, cross-references are easily 
provided simply by notching the additional 
appropriate subject headings on the card. 
The last two digits of the date of each. ab- 
stract are appropriately coded on the card 
so that later, depending on the rate of 
growth of the card file, the older cards can 
easily be separated, thus keeping the file 
current and of manageable size. 

Retrieval of specific abstract cards is 
usually accomplished by sequential sorting 
under each of three major fields. However, 
in order to obtain a varying degree of selec- 
tivity, sorting may be limited to only one or 
two fields. At times, it may be of advantage 
to sort for a combination of subject head- 
ings in a single field. In this manner, it is 
possible to “browse” through the abstract 
cards in search of specific information. 

Since cards may be filed in a random 
manner and still be located by the sorting 
technique, the risk of losing a card through 
misfiling is eliminated. There is, however, 
an advantage in filing cards according to 


5 
6. 
7. 
8. 
9. 


23. 


POI AAP oe ве 


the subject headings under Field 1. In this 
manner the cards are presorted according 
to these subject headings by their position 
in the file. Proof of correct filing can then be 
quickly obtained by noting the alignment 
of the coding notches of the cards under 
each subject. Therefore, by initially select- 
ing the appropriate group of cards, the 
subsequent sorting procedures can be lim- 


ited to Field папа Field пл. 


SUMMARY 


A practical abstract classification and 
card file system based on the use of edge- 
punched cards has been developed to be 
used as an adjunct to the conventional 
means of literature retrieval. Providing an 
additional avenue of approach to the in- 
creasing volume of radiologic literature and 
facilitating information retrieval should 
simplify and enhance the use of reference 
journals in the practice of radiology. The 
main advantages to this system are sim- 
plicity and flexibility with low initial and 
subsequent cost. Such a card file would 
represent a readily available and individ- 
ualized record of each radiologist's evalua- 
tion of the literature he has read. 


Beaumont Medical Building 
3720 Washington Boulevard 
St. Louis 8, Missouri 
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THE SIXTY-SIXTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


НЕ. American Roentgen Rav Society 
will hold its Annual Meeting, the 
Sixty-sixth, at the Washington-Hilton Ho- 
tel in Washington, D. C., September 28, 
1965, to October 1, 1965. That occasion will 
mark the sixth time in the last fifteen years 
that the Society has chosen the City of 
Washington as its meeting place. And, the 
choice is no coincidence in regard either to 
the city or to the hotel. The Washington 
meetings have invariably been eminently 
successtul from all standpoints. It is fore- 
seen that this meeting will be no exception. 
Washington is ideally situated as far as 
all means of transportation are concerned. 
It is reached directly bv air from even the 
distant points of both hemispheres. 

Washington has more than the usual at- 
tractions of large cities. The location was 
selected by General Washington in 1791, 
and the citv 1s unique in that it was de- 
liberately created to provide a seat for the 
National Government. It is laid out with 
the Capitol as the focal point. Avenues 
radiate from this center like the spokes of a 
wheel. It is a magnificent city with broad 
tree-lined streets and great public buildings 
housing the many federal bureaus. It 
abounds in national monuments and 
shrines. Its historical and art collections 
rank among the world’s finest. But, its 
significance above all 15 ideological—-the 
Capital of the United States since 1800, 
where one may still feel the presence of and 
be able to visit some of the homes of the en- 
terprising men of ideas and ideals who 
founded and preserved our Nation. 

The Society is fortunate that the new 
Washington-Hilton Hotel was planned and 
built at the time when it became apparent 
that the meetings had outgrown their for- 





rys 


mer comfortable and pleasant locale. The 
Washington-Hilton is an exciting down- 
town hotel with the atmosphere of a resort, 
It towers high on a hill in the embassv area 
of the Capital. The grounds and interior 
structures are spacious. They are brilliantly 
designed and executed for both beauty and 
business-like efficiency. 

Dr. and Mrs. Edgar M. McPeak head 
the Committees on Local Arrangements. 
Their plans are complete for four days 
(Monday through Thursday) of interesting 
socia: activities and reflect the time and 
effort that went into the planning. 

The Ladies’ Program includes cocktails 
and dinner for all members and guests on 
Monday, September 27, at the Flagship 
Restaurant, followed by a two hour sight- 
seeing tour of the city. This particular 
affair is usually considered to be arranged 
for the "golf-widows." However, discrimi- 
nation 1s not a policy of the Society so gen- 
tlemen mav accompanv their ladies to this 
or otaer appropriate events sponsored by 
the Ladies’ Committee. On Tuesday, Sep- 
tember 28, there will be a tour to the Wood. 
row Wilson House, Decatur House and 
Woodiawn Plantation in Virginia, with 
luncheon at the Lazy Susan Inn. Wednes- 
day and Thursday mornings will afford op- 
portunities for Private White House Tours. 
At noon on Wednesdav, there will be a 
Luncheon and Fashion Show in the West 
Ballroom of the Washington-Hilton Hotel. 
On Thursday, at 6:30 P.M., the Annual 
Banq.et will take place. A Ladies’ Hospi- 
tality Room will be open in the Cabinet 
Room of the Hilton from 8:00 A.M. to 12:30 
P.M., Monday through Thursday, Septem- 
ber 27~30. 

Registration desks will be open from 2:00 
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P.M. to 5:00 P.M. on Sunday, September 26. 
They will then be open daily from 8:00 
A.M. to 5:00 P.M. throughout the week ex- 
cept that registration will close at 1:30 
P.M. on Friday, October 1. Registration for 
all in attendance will be in the Concourse 
connecting the Hilton International Ball- 
room and the Exhibit Hall. 

The annual Golf Tournament is sched- 
uled for Monday, September 27. Dr. 
Ralph Caulk, a. past-President of the 
Society, has again consented to act as 
Chairman of the Golf Committee. Dr. 
Caulk has demonstrated his great aptitude 
in arranging the Tournament on several 
previous occasions. Play will take place at 
the Manor Country Club, Norbeck, Mary- 
land. Many of you will remember that this 
Is a most interesting course in a delightful 
setting. Arrangements have been made for 
bus transportation to and from the Club 
and for lunch, golf and dinner there. In the 
evening following the dinner, among other 
pleasant and momentous diversions, there 
will be presentation of awards; most nota- 
bly, the Willis F. Manges Trophy for the 
Net Score winner and the Exhibitors’ 
Trophy for the Gross Score winner. 

On Tuesday, September 28, at 8:30 A.M., 
the President of the Society, Dr. Harold O. 
Peterson, will call the Annual Meeting to 
order in the Hilton International Ballroom. 
The President of the Medical Society of the 
District of Columbia, Dr. Paul R. Wilner, 
will give the Address of Welcome. Presi- 
dent Peterson, assisted by Dr. Ted F. 
Leigh, Chairman of the Executive Council, 
will then install Dr. John Paul Medelman 
as the new President of the Society. The 
Scientific Sessions will begin at the con- 
clusion of the Inaugural Address of the 
newly installed President. 

The Program Committee has selected 
forty-eight papers for presentation. The 
preliminary program is published elsewhere 
in this issue of the JournaL. The program 
is intended to be a combination of the in- 
troduction of new knowledge and skill with 
re-evaluation and further exposition of 
more or less familiar material. As in the 
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past, the Scientific Sessions will adjourn 
early enough to allow time for attendance 
at the Instruction Courses and study of the 
Technical and Scientific Exhibits. 

Dr. Harold O. Peterson is again Director 
of the Instruction Courses and Dr. Donn G. 
Mosser 1s the Associate Director. They are 
bringing together an outstanding faculty. 
The program with a description of the 
courses and instructions for registration 
will be published in the August issue of this 
JournaL, Dr. Peterson is more than satis- 
fied with the number, size and comfort of 
the rooms available for presentation of the 
Courses. 

The Scientific Exhibits and the Technical 
Exhibits will both be located in the tre- 
mendous Exhibit Hall of the Hilton, across 
the Concourse from the site of the Scien- 
tific Sessions. This is a great advantage for 
all concerned and will result in easy acces- 
sibility and convenience for examining and 
displaying the material. Dr. R. F. Greening, 
Chairman of the Scientific Exhibit Com- 
mittee 1s gratified by the number and 
quality of the exhibits that are to be shown. 
Several exhibits amplify essays to be pre- 
sented at the meeting. 

Likewise, Dr. James C. Cook, Manager 
of the Annual Meeting, and Mr. Clifford L. 
Sherratt, Honorary Member, are enthusi- 
astic about the Technical Exhibits which— 
I am informed—will be the largest and 
most outstanding in the history of the 
Society. The Exhibits contribute immea- 
surably to the success of the meeting and 
it appears that they will be record making 
this year. It 1s stimulating to gain knowl- 
edge of the great theoretic advance in the 
science of radiology and then to see its prac- 
tical application almost simultaneously in 
both Departments of the Exhibits. This is 
particularly true in our times of spectacular 
expansion of the radiologic world. It is most 
important for the members and guests, — 
individually and collectively, to give serious 
attention to the Exhibits. 

Dr. Clyde A. Stevenson will deliver the 
Caldwell Lecture at 8:30 p.m. on Tuesday, 
September 28. Dr. C. Allen Good, Secre- 
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tary of the Society, head of the Section of 
Diagnostic Roentgenologv of the Mayo 
Clinic and Professor of Radiology at the 
Mayo Graduate School of Medicine, will 
introduce the lecturer on this notable oc- 
casion. 

Dr. Stevenson, Scientific Exhibit Gold 
Medalist of the American Medical Associa- 
tion, is Director of the Department of 
Radiology of the Sacred Heart Hospital in 
Spokane, Washington. He deservedly com- 
mands great respect for his accomplish- 
ments in Radiology and especially for his 
dedication to the clinical aspects of the 
Science in its relation to the whole field of 
Medicine. His subject will be "Clinical 
Roentgenology of the Colon.” The Cald- 
well Medal will be presented to him at the 
conclusion of his Lecture. 

The American College of Radiology will 
present a Panel Discussion on “Some Cur- 
rent Problems of the American College of 
Radiology” on Wednesday, September 29, 
at 1:30 р.м. Dr. Jackson E. Livesav will be 
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the Moderator. Panelists will be Drs. W. D. 


R. Miller. 

The Annual Banquet will be held in the 
International Ballroom on Thursday, Sep- 
tember 30, at 7:30 p.m. It will be preceded 
by a cocktail party beginning at 6:30 P.M., 
in the International Ballroom East. Dr. 
McPeak and his Committee have made ar- 
rangements for a splendid evening of music 
during the Banquet, for entertainment and 
for dancing later. Tickets for the Banquet 
may be purchased at the Main Registra. 
tion Desk in the Concourse. 

The Officers of the American Roentgen 
Ray Society cordially invite all radiologists, 
their guests and their families to attend 
this Sixty-sixth Annual Meeting in the 
fascinating сісу of Washington. 

J. P. MEbpELMAN, M.D. 
President-Elect 


110 Birchwood Avenue 
White Bear Lake, Minnesota 55110 
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JOHN TL. FARRELL, JR; МА. 
1897-1965 


R. JOHN THOMPSON FARRELL, 

Jr., Philadelphia radiologist, died on 
April 30, 1965 of coronary occlusion. He 
was born October 7, 1897 in Providence, 
Rhode Island, the son of John T. Farrell, 
M.D., and Louise Smith Farrell. He gradu- 
ated trom Hobart College in 1918 and trom 
Jefferson. Medical College in 1922. He 


served internships at Rhode Island Hos- 
pital, Providence, Rhode Island and White 
Haven Sanatorium, White Haven, Pennsyl- 
vania. Dr. Farrell married Miriam Ott in 
1926. He leaves his widow, two brothers 
and two sisters. 

In 1925 Dr. Farrell returned to Је#егѕоп 
and became associated with the late Willis 
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F. Manges who was his preceptor in Radi- 
ology. Atter Dr. Manges’ death in 1936, he 
established his own practice. 

At јеНегзоп Dr. Farrell rose through 
successive promotions to the rank of Pro- 
fessor of Roentgenology. From 1941 to 1948 
he was radiologist to the Lankenau Hos- 
pital, Philadelphia. Up to the time of his 
death, he was Clinical Professor of Radiol- 
ogy to the Graduate School of Medicine of 
the University of Pennsylvania, Consultant 
in Radiology to the Mercy-Douglass Hos- 
pital and engaged in private practice. 

Dr. Farrell was always interested in 
organized medicine. He was President of 
the Philadelphia County Medical Society 
in 1956 after he served on its Board of 
Directors for 2 vears. He served on num- 
erous committees of the Societv and was a 
member of the House of Delegates since 
1943. He was also President of the Pennsyl- 
vania State Medical Societv in 19:8. 

He was a Diplomate of the American 
Board of Radiology and a member of the 
American College of Radiologv, American 
Roentgen Ray Society, Radiological 
Society of North America (Vice President 
in 1934), Philadelphia Roentgen Rav 
Society (President in 1930), Pennsylvania 
Radiological Society (President in 1944), 
American College of Physicians, College of 
Physicians of Philadelphia, Laennec So- 
ciety, Medical Club of Philadelphia, Theta 
Delta Chi and Nu Sigma’Nu. 

Dr. Farrell was on the Board of Directors 


* 


of Pennsylvania Blue Shield and Phila- 
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delphia Blue Cross. 

He was the author of numerous papers 
on diagnostic and the therapeutic phases 
of roentgenology. His “Roentgen Diagnosis 
of the Gastrointestinal Tract" was pub- 
lished in 1946. 

Dr. Farrell possessed an engaging per- 
sonality. Because of his sincere love for 
people, hemade friends easily. He was honest 
in his work and in his association with his 
medical colleagues. Few will forget his 
untiring efforts in the defense of the high 
principles and ethics of Radiology. Many 
will remember his determined labors for the 
improvement of hospital-radiologist con- 
tractual relationships. Dr. Farrell’s appre- 
ciation of right and wrong was clear and 
definite. He was easily upset by anything he 
considered to be unjust. His kindness, con- 
sideration and thoughtfulness were some of 
his endearing traits. 

In an article “To Succeed” written for 
the Philadelphia Inquirer a few years ago, 
Dr. Farrell summarized the meaning of 
success—"'In my opinion, to succeed is to 
get from one’s work a sense of heart felt 
satisfaction-—-not necessarily from the exact 
realization of early hopes or the acclaim of 
one’s fellows, but from the feeling that with 
thoughtful industry and by playing the 
game fairly according to the rules, one has 
strivec to reach that far star set in the skv 
of ambition." 

Mario А, CiNQUINO, M.D. 
1518 South Broad Street 
Philadelphia, Pennsylvania 19146 
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ERNST ALBERT POHLE, M.D. 
1895-1965 


Memorial Resolution of the Faculty of the University of Wisconsin, 
April 5, 1905 U. W. (Madison Campus) Faculty Document 15 


ROFESSOR ERNST ALBERT 
POHLE died February 10, 1965, as a 
result of injuries sustained in a fall at his 
home. Professor Pohle was a native of 
Germany, having been born in Wiesbaden 
on December 31, 1895, the son of Reinhold 


and Lisette (Hannappel) Pohle. He re- 
ceived his M.D. degree from the University 
of Frankfort on Main in 1921. Following 
his graduation, he worked in Dessauer's 
laboratory in Frankfort and it was here 
that he developed his interest in radiation 
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therapy. Methods of measuring radiation 
quantity were unsatisfactory at the time 
and Dr. Pohle became interested in de- 
veloping a more precise method. It was this 
that first brought him to the United States 
on a lecture tour. In 1923 he came to this 
country to stav and soon becdiue a natural- 
ized citizen. He served as radiologist to the 
Mt. Sinai Hospital in Cleveland until 1925. 
At that time he was invited by the late Dr. 
Preston Hickey to join the faculty of the 
University of Michigan as Assistant Profes- 

He was subsequently promoted to 
Associate Professor. While at Michigan, he 
received a Ph.D. degree in biophysics in 
1928. 

He came to the University of Wisconsin 
in 1928 as the first Professor of Radiologv 
and Chairman of the Department of 
Radiology in the Medical School. He held 
the post of Chairman until 1957 and that of 
Professor until his retirement in 1961. 

Dr. Pohle was active in both basic and 
clinical research. Some of his best known 
work concerned the effects of x-radiation 
on the healing of wounds. Since little was 
known about such effects, his experimental 
work served as a guideline in the treatment 
of patients during the immediate postopera- 
tive period. He also did basic research on 
the effects of radiation on normal tissues, 


particularly the heart. He was the author of 


numerous publications dealing with the 
theoretical and clinical aspects ot radiation 
therapy. He served as editor of three text- 
books, “Theoretical Principles of Roentgen 
T lira" “Clinical Roentgen Therapy," 
and “Clinical Radiation Therapy.” Be- 
cause of his wide contacts both here and 
abroad, he was able to assemble a group 
of outstanding contributors to these vol- 
umes which received wide acceptance. 

At Wisconsin, he installed the first radon 
plant in the area for the manufacture of 
radon seeds which were widely used at the 
time in the treatment of a variety of malig- 
nant conditions. Later he was responsible 
for the installation of the first million volt 
roentgen ray machine in this State. 


Editorials 75 


n 


He trained over 40 residents and, in ap- 
preciation, they recently subscribed a sub- 
stantial sum of money for the development 
of a special area in the proposed new 
William S. Middleton Memorial Medical 
Library to be given over to radiology and 
related subjects. 

Dr. Pohle was a charter member of the 
Wisconsin Radiological Society and served 
as its President for two consecutive terms. 
He was a diplomate of the American Board 
of Radiology, a member of the American 
Roentgen Ray Society, the Radiological 
Society of North America, the American 
Radium Society, the Dane County and 
Wisconsin Medical Societies, the American 
Medical Association, the American Associa- 
tion гог the Advancement of Science and 
Sigma Xi. He was a Fellow of the American 
Colleze D Radiology. He was an honorary 
member of the American Society of X-Rav 
Technicians, the Detroit Roentgen Ray 
and Radium Society and the Radiological 
Society of Panama. 

Dr. Pohle was a lover of nature and an 
avid sportsman during his active years. 
Muck of his leisure was spent in roaming 
the fields and woods of Wisconsin. 

Dr. Pohle served with the German Army 
during World War I. In this country he 
became a Commander in the Medical Corps 
of the United States Naval Reserve. 

Dr. Pohle was married to the former 
Marie C, Graubaum in 1923. Не is survived 
by his wife; two daughters, Mrs. Charles L. 
Pember of Columbus, Wisconsin, and Mrs. 
Donaid V. Hooper, Milwaukee; and four 
grandchildren. 

MEMORIAL COMMITTEE: 
Јонх Н. јон; 
KENNETH E. LEMMER 
Ovip О. MEYER 
Lester W. PAUL, 
Chairman 
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PRELIMINARY PROGRAM 


SIXTY-SIXTH ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


The Sixty-sixth Annual Meeting of the 
American Roentgen Ray Society will be 
held in the new Washington-Hilton Hotel, 
Washington, D. C., Tuesday through Fri- 
day, September 28 to October 1, 1965. 

The Executive Council will meet Sunday, 
September 26, 9:00 А.м. in the Georgetown 
Room A. | 

On Monday, September 27, the Annual 
Golf Tournament for Members and Guests 
—competing for the Wills F. Manges' 
Trophy and the Exhibitors’ Trophy—will 
be held at the Manor Country Club in 
Norbeck, Maryland, followed by the An- 
nual Golf Dinner at 7:30 p.m. at that Club. 

The Scientific Sessions will be held in the 
morning from 8:30 A.M. to 12:30 P.M., 
Tuesday through Friday in the Hilton 
International Ballroom. The Caldwell Lec- 
ture will be given by Dr. Clyde A. Steven- 
son on Tuesday evening at 8:30 P.M. in the 
Hilton International Ballroom. 

The Instruction Courses will be held in 
the afternoon from 3:00 P.M. to 4:30 P.M. 
on Tuesday, Wednesday and Thursday and 
from 1:30 P.M. to 3:00 P.M. on Friday. The 
detailed plan of the Instruction Courses will 
be published in the August issue of the 
JOURNAL. 

The Scientific Exhibits will be set up in 
the Exhibit Hall of the Hilton. They will 
open daily at 8:30 A.M., and will close at 
8:00 P.M. Tuesday; 9:00 P.M. Wednesday; 
7:30 P.M. Thursday and 12:30 Р.м. Friday. 

The Technical Exhibits willalsobelocated 
in the Exhibit Hall of the Hilton. They will 
open daily at 8:30 a.m. and will close at 
6:00 P.M., Tuesday through Thursday. 
They will close on Friday at 12:30 P.M. 

The Annual Banquet will be held Thurs- 
day evening at 7:30 P.M. in the Hilton 
International Ballroom, preceded by a 
Cocktail Party beginning at 6:30 P.M. in 
the Hilton International Ballroom East. 

The Program Committee, under the 


Chairmanship of President-Elect John Paul 
Medelman, has arranged the following 
program for the Scientific Sessions. 


Tuesday, September 28, 1965 
Hilton International Ballroom 


8:30 A.M. Call to Order, Sixty-sixth Annual 
Meeting: Harold O. Peterson, M.D., Minne- 
apolis, Minn., President. Address of Wel- 
come: Paul R. Wilner, M.D., President of the 
Medical Society of the District of Columbia. 

Installation of President-Elect, John Paul 
Medelman, M.D., St Paul, Minnesota, by 
Harold O. Peterson, M.D., President, Minne- 
apolis, Minnesota, and Ted F. Leigh, M.D., 
Chairman of the Executive Council, Atlanta, 
Georgia. 


Inaugural Address: President John Paul Medel- 
man, M.D. 


9:10 A.M. 


Presiding: John Paul Medelman, M.D. 
St Paul, Minnesota 

i. Electric Shock Hazards in Departments of 
Radiology. William F. Barry, Jr., M.D., 
Durham, N. C., C. Frank Starner, B.S.E.E. 
(by invitation), Durham, N. C., Robert E. 
Whalen, M.D. (by invitation), Durham, 
N. C., and Henry D. McIntosh, M.D. (by 
invitation), Durham, N. C. 

2. Carbon Dioxide Cine-angiocardiography in 
the Diagnosis of Pericardial Disease. A. 
Franklin Turner, M.D. (by invitation), Los 
Angeles, Cal., Harvey I. Meyers, M.D. (by 
invitation), Los Angeles, Cal, George 
Jacobson, M.D., Los Angeles, Cal., and 
William Lo, M.D. (by invitation), Los 
Angeles, Cal. 

3. Roentgen Diagnosis of Renal Mass Lesions. 
Glen G. Cramer, M.D. (by invitation), 
Minneapolis, Minn., Eugene Gedgaudas, 
M.D. (by invitation), Minneapolis, Minn., 
and Kurt Amplatz, M.D., Minneapolis, 
Minn. 

4. Diagnosis of Suprarenal Mass Lesions by 
Retroperitoneal Gas Studies and Arteriog- 
raphy. Erich K. Lang, M.D. (by invita- 
tion), Indianapolis, Ind., Myron Nourse, 
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9. 
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M.D. (by invitation), Indianapolis, Ind., 
Jack Mertz, M.D. (by invitation), India- 
napolis, Ind., John Beeler, M.D., Indianapo- 
lis, Ind., Donald C. McCallum, | M.D. (by 
invitation), Indianapolis, Ind., and William 
Niles Wishard, M.D. (Бу invitation), 
Indianapolis, Ind. 

Meatal Stenosis and Distal Ureteral Ob- 
struction in Girls: Radiologic Signs and 
Their Reliability. J. S. Dunbar, M.D., 
Montreal, Quebec, Canada, and M. B. 
Nogrady, M. D. (by invitation), Montreal, 
Quebec, Canada. 

Excretory Urography in Renovascular 
Hypertension: Rapid Sequence Filming 
and Osmotic Diuresis. David M. Witten, 
М.р. (by invitation), Rochester, Minn., 
James C. Hunt, M.D. (by invitation), 
Rochester, Minn., Sheldon G. Sheps, M.D. 
(by invitation), Rochester, Minn., Law- 
rence |. Greene, M.D. (by invitation), 
Rochester, Minn., and David C. Utz, M.D. 
(by invitation), Rochester, Minn. 

А Comparative Study of I? Renografin 
Split-Function Clearances Simultaneously 
Performed with Inulin and PAH in Pa- 
tients. |. Meschan, M.D., Winston-Salem, 
N.C., F. C. Watts, B. S. (by invitation), 
Winston-Salem, N. C., William H. Boyce, 
M.D. (by invitation), Winston-Salem, 
N. C., E. J. Lathem, M.D. (by invitation), 
Winston-Salem, N. C., H. E. Schmid, M.D. 
(by invitation), Wi MEE. salem, | М. c „and 
Ted Roper, M.D. (by invitation), Winston- 
Salem, N. C. 





Placental Localization: A Comparison of 


Radiopharmaceutical and Thermographic 
Methods. Philip M. Johnson, M.D., New 
York, N. Y., and David C. Bragg, M.D. 
(by invitation), New York, N. Y. 
Television Fluoroscopic Control of Intra- 
fetal Transfusion with Television Tape and 
Kinescopic Recording. Walter M. White- 
house, M.D., Ann Arbor, Mich., Lawrence 
R. Соса. M. SIE. (by invitation), Ànn 
Arbor, Mich., Bruce A. Work, M.D. (by 
invitation), Ann Arbor, Mich., Robert 
Jaffe, M.D. (by invitation), Ann Arbor, 
Mich, and Colin Campbell, M.D. (by 
нуган); Ann Arbor, Mich. 
Technetium 99" Radioisotope Scanning 
with the Scintillation Camera. Alexander 
Gottschalk, M.D. (by invitation), Chicago, 
lil. 











Di 


In 


1 
У: 


lah 


E LY 


Radioisotope Scanning with a Svstem for 
Total Information Storage and Controlled 
Retrieval. Hymer L. Friedell, M.D., Cleve- 
land, Ohio, Earle C. Cas Ph D (by 
invitation), Cleveland, Ohio, and Abbas 
M. Rejali, M.D. (by invitation), Cleveland, 
Ohio. 


Tuesday Evening, September 28, 1965 
Па 0 clock 


Hilton International Ballroom 


IHE CALDWELL LECTURE 
Clinical Roentgenology of the Colon 
By 
Clyde A. Stevenson, M.D. 


rector, Department of Radiology, Sacred 
Heart Hospital, Spokane, W ashington. 


troduction: C. Allen Good, M.D., Head of the 
Section of Diagnostic Roentgenology, Mavo 
Clinic; Professor of Radiology, Mayo Grad- 
uate School of Medicine, Rochester, Minne- 
sota. 


Wednesday, September 29, 1905 
Hilton International Baliroom 


130 Р.М. 


Presiding: Carleton B. Peirce, M.D. 
Montreal, Quebec, Canada 

Gastric Ulcers after Seventy. J. R. Amberg, 
M.D., Milwaukee, Wis, and FH. F. 
Zbcralske, M.D. (by invitation), San Fran- 
ciscc, Cal. 
Rad:ological Evaluation of Gastric Freez- 
ing. Harold O. Peterson, M.D., Minneapo- 
lis, Minn., M. J. Gilson, M.D. (by invita- 
tion), Minn eapolis, Minn., C. Hewel, M.D. 
(bv invitation) , Minneapolis, Minn., and 
ls. C MAREA M.D. (by а, 
Minneapolis, Minn. 
The Vermiform Appendix. Thomas С. 
Beneventano, M.D. (by invitation), New 
York, N. Y., Clarence J. Schein, M.D. (by 
invitation) Nek York, N. Y, and Harold 
(5. авон. M.D., New York, N. Y. 


. The Potential of Polyps of the Intestine. 


J. Arnold Bargen, M.D. (by invitation), 
Temple, Tex. 

Gastrointestinal Findings in Patients with 
Cystic Fibrosis. Herman M CILE M.D. 
(by invitation), New York, ~. Y., Walter 


E. Berdon, M.D. (bv invi ation’, New 
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17. 


18. 


19. 


20. 


2I. 


22, 


23, 


24. 
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York, N. Y., and David H. Baker, M.D., 
New York, N. Y. 

The Radiant Energy Received by Patients 
in Diagnositic X-ray Practice. Russell H. 
Morgan, M.D., Baltimore, Md., and Judith 
Gehret (by invitation), Baltimore, Md. 
New and Simple Techniques for Demon- 
stration of the Jugular Foramen. Jane M. 
Strickler, M.D. (by invitation), Boalsburg, 
Pa. 

The Roentgenological Evaluation of Orbit- 
al Blow-Out Injury. Gerhard F. Fueger, 
M.D. (by invitation), Baltimore, Mary- 
land, William A. Britton, M.D. (by invita- 
tion), Montreal, Quebec, and Albert T. 
Milauskas, M.D. (by invitation), Balti- 
more, Maryland. 

Late Consequences of Pulmonary Irradia- 
tion. George Cooper, Jr., M.D., Memphis, 
Tenn., and David Teats, M.D. (by invita- 
tion), Charlottesville, Va. 

The Significance of the R, the Rad, the 
Rem and Related Units. Marvin M. D. 
Williams, Ph.D., Rochester, Minn. 

End Results of Radiotherapy in Laryngeal 
Cancer Based upon Clinical Staging by the 
T.N.M. System. Ralph M. Caulk, M.D., 
Washington, D. C. 

Squamous Cell Carcinoma of the Tonsillar 
Area and Palatine Arch. Gilbert H. Flet- 
cher, M.D., Houston, Tex., and Robert D. 
Lindberg, M.D. (by invitation), Houston, 
Tex. 

The Etiology of Treatment Failures in 
Early Stage Carcinoma of the Cervix. 
Ralph M. Scott, M.D., Louisville, Ky., 
Herbert E. Brizel, M.D. (by invitation), 
Louisville, Ky., and Craig Wetzelberger, 
M.D. (by invitation), Louisville, Ky. 


Wednesday, September 29, 1965 
Hilton International Ballroom 


1:30 P.M. 


Presiding: John Paul Medelman, M.D. 
St Paul, Minnesota 


Panel: Some Activities of the American College 
of Radiology. 
Moderator: Jackson E. Livesay, M.D., Flint, 


Michigan. 


Panelists: W. D. Buchanan, M.D., South Bend, 


Indiana. Richard E. Ottoman, M.D., Los 
Angeles, California. Earl R. Miller, M.D., 
San Francisco, California, _ 
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Thursday, September 30, 7965 
Hilton International Ballroom 


8:30 A.M. 


26. 


26. 


27. 


28. 


29. 


315 


32. 


33- 


Presiding: Herman C. Sehested 
Fort Worth, Texas 


A New Method of Percutaneous Catheter- 
ization. Donald T. Desilets, M.D. (by 
invitation), Los Angeles, Cal., and Richard 
B. Hofman, M.D. (by invitation), Los 
Angeles, Cal. . 

Portal Venography by Selective Arterial 
Catheterization. Robert A. Nebesar, M.D. 
(by invitation), Boston, Mass., and James 
]. Pollard, M.D. (by invitation), Boston, 
Mass. 

Right Aortic Arch; Plain Film Diagnosis 
and Significance. James R. Stewart, M.D. 
(by invitation), Rochester, Minn., Owings 
W. Kincaid, M.D., Rochester, Minn., and 
Jack L. Titus M.D. (by invitation), 
Rochester, Minn. 

Coronary Artery Calcification: Its Inci- 
dence and Significance in Patients over 
Forty. John P. Tampas, M.D. (by invita- 
tion), Burlington, Vt., and A. Bradley 
Soule, M.D., Burlington, Vt. 

Evaluation of Arteriography in the Study 
of Cephalic Vessels. K. L. Krabbenhoft, 
M.D., Detroit, Mich., J. О. Reed, M.D., 
Detroit, Mich., G. A. Kling, M.D. (by 
invitation), Detroit, Mich., and F. P. Shea, 
M.D. (by invitation), Detroit, Mich. 


. Diagnosis of Embolic Occlusions of Small 


Branches of the Intracerebral Arteries. 
B. Albert Ring, M.D., Burlington, Vt., and 
Winston M. Eddy, M.D. (by invitation), 
Burlington, Vt. 

Positive Contrast Medium (iophendylate) 
Diagnosis of Tumors of the Cerebellopon- 
tine Angle (Particularly Acoustic Neuro- 
mata. Robert L. Scanlan, M.D., Los 
Angeles, Cal., and Brian H. Jarchow, M.D. 
(by invitation), Los Angeles, Cal. 
Ultrasound Brain Scanning. Ray A. Brin- 
ker, M.D. (by invitation), St Louis, Mo., 
and Juan M. Taveras, M.D., St Louis, Mo. 
Bone Abnormalities in Congenital Neuro- 
sensory Deafness As Shown by Plesiosec- 
tional Tomography. Henry J. Woloshin, 
M.D. (by invitation), Philadelphia, Pa., 
Marc S. Lapayowker, M.D. (by invitation), 
Philadelphia, Pa., Max L. Ronis, M.D. (by 
invitation), Philadelphia, Pa., and Mar- 
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garet J. McGann, R. 
Philadelphia, Pa. 
Radiation Therapy in the Control of Per- 
sistent Thyroid Carcinoma. Glenn. E, 
Sheline, M.D., San Francisco, Cal., Mau- 
rice Galante, M.D. (by invitation), San 
Francisco, Cit „ and Stuart Lindsay, M.D. 
(by invitation), San Francisco, Cal. 
Bilateral Wilms’ Tumor SE Report 
of a Patient Surviving Nine Years after 
Treatment. Justin J. Stein, M.D., Los 
Angeles, Cal, and Willard E. Goodwin: 
M.D. (bs invicem. Los Angeles, Cal. 
Radiotherapy for Renal Adenocarcinoma. 
Philip T. Hudgins, M.D. (by invitation), 
Houston, Tex., and Vincent P. Collins, 
MLD., Houston. Tex. 


T. (by invitation), 


Friday, October 1, 1965 
Hilton International Ballroom 


0:30 A.M, 


~ 
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Presiding: Ted F. Leigh, M.D. 
Atlanta, Georgia 


Comparative Mammography Study. James 
V. Rogers, M.D., Bc Ga., and R. 
Waldo Powell, M.D. (bv invitation), 
Atlanta, Ga. 

Double Contrast Arthrographv of 
Knee, Robert Н. quc M.D., New 
York, N. Y., Paul J. Killoran, M. D. (bv 
invitation), New York, N. Y., and Gonzala 
Cardona, M. D. (by invitation), New York, 
N. Y. 

Невена of Disk Disorders and Ab- 
dominal Symptoms, John B. Coleman, 
M.D. (by invitation), St Paul, Minn. 
Comparison of Gas and Positive Contrast 
in Evaluation of Cervical Spondylosis. 


the 
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Gabriel Wilson, M.D. (by invitation), Los 
Angeles, Cal. , Willi lam Hanafee, M.D., Los 
Angeles, Cu Paul Crandall, M.D. (by 


invitation), Го. Angeles, Cal., and Law- 


rence Rosen, M.D. (by sag AION: Los 
Angeles, Cal. 

41. Reevaluation of the "Fish-Vertebra" Sign 
in Sickle Cell Hemoglobinopathy. Jack 
Reynolds, M.D. (by invitation), Dallas, 
Tex. 

42. Blastomycosis. Robert D. Sloan, M.D., 
Jackson, Miss, and Nancy M. Burrow, 


44- 


46. 


M.D. (by invitation) Jackson,’ Miss. 

The Angiographic and Pneumoencephalo- 
graphic Findings in Holoprosenceph aly. 
L. H. Zingesser, M.D. (bv invitation), New 
York, N. Y., and M. M. Schechter, M.D. 
(bv invitation), New York, N. Y. 
Roentgen Evaluation of Aspiration As a 
Cause of Recurrent or Chronic Pneumo- 
nias in Infancy and Childhood. Olga M. 
Baghdassarian, M.D. (by invitation), Bal- 
timore, Md., and John J. Vanhoutte, M.D. 
(bv invitation), Baltimore, Md. 
Asymptomatic Segmental Disturbances in 
Aeration in Asthmatic Children, Fred A. 
Lee, M.D. (by invitation), Pittsburgh, Pa., 
and Bertram R. Grdan, M.D., Pitts- 
burgh, Pa. 

Radiographic Findings of the Rubella 
Syndrome in Newborn Infants. Edward B. 
Singleton, M.D., Houston, Tex., and Ar- 
noli J. Rudolph, M.D. (by invitation), 
Houston, Tex. 

The Cervical Spine in Mongolism. William 
Martel, M.D., Ann Arbor, Mich., and Jack 
M. "Tischler: 'M.D. (by invitation), Ann 
Arbor, Mich. 

Periosteal Bone Growth in Normal Infants, 


Chas. E. Shopfner, M.D., i uon City, Mo. 








Jury, 1965 


NEWS ITEMS 


TENTH BRAZILIAN CONGRESS 
OF RADIOLOGY 

The Tenth Brazilian Congress of Radi- 
ology will be held, under the auspices of the 
Brazilian College of Radiology and the 
Portuguese Society of Radiology and Nu- 
clear Medicine, in Rio de Janeiro, Brazil, 
September 12-18, 1965. This will be the 
First Portuguese-Brazilian Congress of 
Radiology and also the Third Annual Meet- 
ing of the Brazilian Radiological Society. 

An excellent scientific program 18 ar- 
. ranged. The social activities will include 
» part of the official program of the commem- 
oration of the Fourth Centennial of the 
Foundation of Rio de Janeiro. 

For further information contact Dr. 
Abercio Arantes Pereira, General Secretary 
of the Tenth Brazilian Congress of Radi- 
ology, Al. Churchill 97, Sala 508, Rio de 
Janeiro, Gb., Brazil. 

A special chartered flight is planned for 
this meeting. Those interested please write 
to Mr. Maurice Ellis, District Manager of 
Verig Airlines, Du Pont Plaza Center, 
Miami, Florida. 


ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 
At the annual meeting of the Association 
of University Radiologists, held at the 
University of Washington in Seattle, Wash- 
ington on May 14 and 15, 1965, the fol- 
lowing officers were elected: 


President: Dr. Sidney W. Nelson, Pro- 
fessor and Chairman, Department of Radi- 
ology, Ohio State University Medical 
School, Columbus, Ohio. 

President-Elect: Dr. Alexander R. Mar- 
gulis, Professor and Chairman, Department 
of Radiology, University of California, San 
Francisco Medical Center, San Francisco, 
California. 

Secretary- Treasurer: Dr. Morton M. 
Kligerman, Professor and Chairman, De- 
partment of Radiology, Yale University 
Medical School, New Haven, Connecticut. 

The next annual meeting of the Associa- 
tion of University Radiologists will be held 
at the University of Arkansas, in Little 
Rock, on May 13 and 14, 1966. 


LA SOCIÉTÉ CANADIENNE-FRANCAISE 
DE RADIOLOGIE 

At the recent meeting of La Société 
Canadienne-Frangaise de Radiologie the 
following officers were elected: 

L. Philippe Bélisle, M.D., Président; 
Jean-Louis Léger, M.D., zer Vice-Président; 
Luc Audet, M.D., 2ième Vice-Président; 
Jacques Lespérance, M.D., Secrétaire gén- 
éral; Raymond Bélanger, M.D., Trésorier; 
Hubert Grégoire, M.D., Assistant-Secré- 
taire, Montréal; René Drouin, M.D., 
Assistant-Secrétaire, Québec; and Robert 
Lessard, M.D., Conseiller. 

The Third Annual Convention will be 
held in Montreal, Quebec, Canada, Decem- 
ber 8-11, 1965. 


THE ROCKY MOUNTAIN RADIOLOGICAL SOCIETY 


The Twenty-seventh Midsummer Radio- 
logical Conference of the Rocky Mountain 
Radiological Society will be held in Denver, 
Colorado, at the Brown Palace Hotel from 
Thursday through Saturday, August 19- 
21, 1965. 

An excellent Scientific Program has 
been arranged. The Guest Speakers are: 
George D. Davis, M.D., Mayo Clinic, 
Rochester, Minn.; Harold G. Jacobson, 
M.D., Montefiore Hospital, New York, 
N.Y.; and Manuel Viamonte, Jr., M.D., 
University of Miami School of Medicine, 
Miami, Fla. On August 20, there will be a 


Commemorative Program honoring Dr. 
Benjamin Felson, with 26 former asso- 
ciates of Dr. Felson participating. 

The social activities will include on Fri- 
day evening the Annual Banquet at the 
Brown Palace Hotel, followed by dancing, 
and on Saturday evening a trip to Central 
City in the Rockies with a social hour, 
dinner and a play at the famous Central 
City Opera House. 

For further information contact Dr. 
John H. Freed, Secretary-Treasurer, 4200 
East Ninth Ave., Denver, Colorado 80220. 
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Diacnostic (коосу. Edited by James F. 
Glenn, M.D., F.A.C.S., Professor of U rology 
and Chief, Division of Urologic Surgery, 
Duke University Medical Center, Durha m, 
N. C. Cloth. Pp. 415, with 287 illustrations. 
Price, $15.50. Hoeber Medical Division, Har- 
per & Row, Publishers, Inc., 49 East 33rd 
Street, New York 16, №. Y., 1964. 

This is a compact book divided into 20 
chapters containing 287 illustrations compiled 
by 23 authors. It is printed on good quality 
paper in clear distinct type which makes it 
relatively easy to read. According to the editor, 
it js an exposition of diagnostic methods in- 
tended as a handy reference for medical stu- 
dents, interns, residents, urologists, and others. 
The chapter material has been selected in se- 
quential order, beginning with the basic uro- 
logic techniques, proceeding to physiologic 
studies in general and developing the diagnostic 
procedures used in special subdivisions of the 
practice of urology. The roentgenographic re- 
productions are of good quality and well 
chosen, 

Chapter 3 concerns standard techniques of 
urography by excretory and retrograde meth- 
ods. This includes considerable detail pertain- 
ing to roentgenographic technique which is 
elementary to the trained radiologist and ma y 
be inadequate for the beginner in x-ray tech- 
nology. On the other hand, some notable omis- 
sions to this chapter are recent techniques, in- 
cluding the urea washout test and the intra- 
venous drip method of urography for those pa- 
tients who have impaired renal function. An- 
other technique not mentioned is the use of 
direct fluoroscopic control during retrograde 
pyelography in selected cases, 

Chapters 8 (Renal Metabolic Studies); 10 
(Radio-Isotope Renography); тт (Renal Radio- 
isotope Function and Scanning); 12 (Aortog- 
raphy); and 13 (Lymphangiography and 
Venography) are well written and pertinent to 
the practicing urologist and radiologist. These 
chapters should be of particular value to radiolo- 
gic students. 

In general, this is an excellent textbook for 
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urologists. Its usefulness to the radiologist is 
limited to reference purposes, and particularly 
to selected topics. 

GEORGE W. Снамвеким, M.D. 


Two CENTURIES or Mepicine: A History or 
THE SCHOOL or MEDICINE, UNIVERSITY ОР 
PENHsYLVANIA. By George W. Corn er, 
MLD., Se.D., LID. Cloth. Pp. 363, with some 
illustrations. J. B. Lippincott Company, 
Philadelphia s, Pa., 196s. 


The school of Medicine of the University of 
Pennsylvania has a special place in American 
Medicine. It was in 1765 that John Morgan, 
with the aid of William Shippen, founded this 
school zs a part of Benjamin Franklin’s College 
of Philadelphia, which later became the Uni- 
versity of Pennsylvania. It thus is the Nation's 
oldest medical school—older than the Nation 
itself, 

To honor the 2coth Anniversary of this his- 
torical event, Dr. George W. Corner, a noted 
medical historian and Executive Officer of the 
American Philosophical Society, at the Uni- 
versity’s request, has written this comprehen. 
sive yet exciting volume. As stated by Dr. 1. S. 
Ravdin in the Foreword, “In this volume he 
has brought to life again the men who, over 
the years since its founding, have played a part 
in the progress of our School of Medicine.” 
Those vears were filled with men's ideas, growth 
and change, service and greatness, magnifi- 
cently kaleidoscoped by the author into 16 
chapters of attainment and achievement. 

Amonz the giants, venerated and awed, who 
were responsible for this epochal success, Dr. 
Henry K. Pancoast occupies a significantly 
illustrious position. It was, in recognition of 
the importance of his untiring pioneering in- 
vestigations in the field of the new but rapidly 
expanding science of radiology in clinical 
medicine, that in тогі a Professorship of 
Roentgenology (since changed to Radiology) 
was стеатед, of which he was the first holder. 
In narrating the contributions of Arthur W. 
Goodspeed, Assistant Professor of Physics, of 
Professor J. William White, who applied 
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Roentgen’s discovery to surgical diagnosis, and 
particularly of Charles Lester Leonard, the 
famous “skiagrapher” of the hospital, which 
paved the way for this appointment, the author 
states, "The early history of radiology in the 
University of Pennsylvania is a tale of extra- 
ordinary talent and enterprise.” And again, 
“Getting an excellent group of young men about 
him, Pancoast created a radiologic laboratory 
of international reputation.” 

In 1913 Dr. Pancoast was elected President 
of the American Roentgen Ray Society. His 
eminent successor, Dr. Eugene P. Pendergrass, 
in 1965, is the Director of the Bicentennial 
Observance of the Foundation of the Univer- 
sity of Pennsylvania's School of Medicine—and 
through it of the Foundation of Medical Edu- 
cation in the United States. 

T. Leveutia, M.D, 


BOOKS RECEIVED 


CELLULAR RapratTion BioLoGv. A Symposium Con- 
sidering Radiation Effects in the Cell and Possible 
Implications for Cancer Therapy. A Collection of 
Papers Presented at the Eighteenth Annual Sym- 
posium on Fundamental Cancer Research, 1964. 
Published for the University of Texas M. D. An- 
derson Hospital and Tumor Institute. Cloth. Pp. 
618, with many figures. Price, $16.00. The Wil- 
liams and Wilkins Company, Baltimore 2, Md., 
1965. 

STUDIES IN THE PATHOLOGY OF RADIATION DISEASE. 
By N. A. Krayevskii. Translated by A. Lieber- 
man. English translation edited by Hermann 
Lisco and Malcolm Walker. Cloth. Pp. 219, with 
113 illustrations. Price, $15.00. A Pergamon Press 
Book, distributed by The Macmillan Company, 
60 Fifth Avenue, New York 11, N.Y., 1965. 

Tumors or Bone AND Sorr Tissue, A Collection 
of Papers Presented at the Eighth Annual Clinical 
Conference on Cancer, 1963 at The University of 
Texas M. D. Anderson Hospital and Tumor In- 
stitute, Houston, Texas. Cloth. Pp. 448, with 
many illustrations. Price, $13.00. Year Book 
Medical Publishers, Inc., 35 East Wacker Drive, 
Chicago 1, Ill, 1965. 

Procress IN Atomic Mepicine. Volume 1. Edited 
by John Н. Lawrence, M.D., D.Sc., F.A.C.P., 
Director, Donner Laboratory and Donner Pavil- 
ion, University of California, Berkeley, Calif. 
Cloth. Pp. 233, with some illustrations. Price, 
$9.75. Grune & Stratton, Inc., 381 Park Avenue 
South, New York 16, N.Y., 1965. 

Procress In RapraTion Tuerapy. Volume III. 
Edited by Franz Buschke, M.D., Professor of 
Radiology, University of California School of 
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Medicine; Chief of the Section of Therapeutic 
Radiology, University of California Hospitals, 
San Francisco, Calif. Cloth. Pp. 242, with some 
illustrations. Price, $14.50. Grune & Stratton, 
Inc, 381 Park Avenue South, New York 16, 
N.Y., 1965. 

RuguMATIC Fever: Dracnosts, MANAGEMENT AND 
Prevention. By Milton Markowitz, A.B., M.D., 
Assistant Pediatrician-in-Chief, Sinai Hospital of 
Baltimore; Associate Professor of Pediatrics, 
Johns Hopkins University School of Medicine; 
Pediatrician-in-Charge, Rheumatic Fever Clinic, 
Harriet Lane Home Service, Children’s Medical 
and Surgical Center, The Johns Hopkins Hos- 
pital; and Ann Gayler Kuttner, B.S., Ph.D., M.D., 
Associate Professor of Pediatrics, Emeritus, New 
York University, Bellevue Medical Center; Visit- 
ing Scientist, Streptococcal Disease Laboratory, 
Sinai Hospital of Baltimore; with a special chapter 
on Community Health Services by Leon Gordis, 
A.B., M.D., Field Officer, Heart Disease Control 
Program, U. S. Public Health Service; Fellow in 
Pediatrics, Sinai Hospital and The Johns Hopkins 
Hospital. Volume II in the Series, Major Prob- 
lems in Clinical Pediatrics. Alexander J. Schaffer, 
Consulting editor. Cloth. Pp. 242, with some il- 
lustrations. Price, $7.50. W. B. Saunders Com- 
pany, West Washington Square, Philadelphia, 
Pa., 1965. 

RapraTion Prorecrion. Recommendations of the 
International Commission on Radiological Protec- 
tion. LC.R.P. Report No. 5. Report of Com- 
mittee V on the Handling and Disposal of Radio- 
active Materials in Hospitals and Medical Re- 
search Establishments, 1964. Published for The 
International Commission on Radiological Pro- 
tection. Paper. Pp. 5o, with some tables. Price, 
$3.50. A Pergamon Press Book, distributed by 
The Macmillan Company, 60 Fifth Avenue, New 
York 11, N.Y., 1965. 

Doriann’s ILLUSTRATED МЕРІСА, DICTIONARY. 
Twenty-fourth edition. Paper. Pp. 1,724. Price, 
$13.00, deluxe edition $17.00. W. B. Saunders 
Company, West Washington Square, Philadel- 
phia, Pa., 1965. 

ANNUAL Revizw or Mepicine. Volume 16. Edited 
by Arthur C. DeGraff, New York University 
College of Medicine. Associate editor, William P. 
Creger, Stanford University School of Medicine. 
Cloth. Pp. 473. Price, $8.50. Annual Reviews, 
Inc., 231 Grant Avenue, Palo Alto, Calif., 1965. 

Dig STRAHLENPNEUMONITIS: EXPERIMENTELLE 
GRUNDLAGEN, Kurnik UND THERAPIE. Ву Pro- 
fessor Dr. med. W. Eger, Path. Institut der Univ. 
Góttingen; and Priv.-Doz. Dr. med. A. Gregl, 
Róntgeninstitut der Univ. Góttingen. Cloth. Pp. 
152, with 75 illustrations. Hippokrates-Verlag 
Stuttgart, Germany, 1965. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN Roentcen Ray ЗОСЈЕТУ 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Washington Hilton Hotel 
Washington, D. C., Sept. 28-Oct. 1, 1965. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John L. Pool, 444 East 68th Street, 
New York, N. Y. 10021. Annual meeting: Camelback 
Inn, Phoenix, Arz., April 13-16, 1966 (Golden An- 
niversary ). 

RADIOLOGICAL Society or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St, Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ш., Nov. 28-Dec. 3, 1965. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 №, Wacker 
Drive, Chicago 6, Ш. Annual meeting: Drake Hotel 
Chicago, HI, Feb. 1—5, 1966. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ÁSSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West тог Eight Ave., Spokane 4, Wash. Annual 
meeting: Chicago, Hl, June 26-30, 1966. 

AMERICAN Boarp or RADIOLOGY 
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* 


race Hilton Hotel, Cincinnati, Ohio, June 6-10, inclusive. 
The deadline for filing applications for this examination 
is December 31, 1965. 

The Fall 1966 examination will be held at the Wash. 
ington Hilton Hotel, Washington, D.C., December 5-9, 
inclusive. The deadline for filing applications is June 36, 
1966. 

AMERICAN ASSOCIATION OF Puvsicisrs In MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN CLUB or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL Concress or RapioLocv 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sor Dr. Med. Luigi Turano, President-Elect, Istituto di 
Radiologia, Università di Roma, Rome, Italy. Meeting: 
September 22-28, 1965. 

NINTH Inrer-AMerican Congress or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 11th and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

Meeting: Montevideo, Uruguay, 1967. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala, Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, НІ. Annual meeting to be announced. 

Arizona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Durango, Phoenix, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

Arkansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W, Anderson, 11084 Poplar, Pine 


Bluf, Ark. Meets every three months and also at time 
and place of State Medical Association. 
Association OF Universiry RADIOLOGISTS 


Haven, Conn. Annual meeting: University of Arkansas, 
Little Rock, Ark., May 13-14, 1966. 

ATLANTA RADIOLOGICAL SOCIETY 
secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 Р.м. 

Bavarian-AMERICAN RaproLocic Society 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, sth General Hospital, APO 154, New York, N. Y, 
Meets quarterly. 

В.оскіЕт RaproLocicat ЗОСТЕТУ 
Secretary, Dr. Bernard J. Ostrum, 2412 North sand St., 
Philadelphia, Pa. 

Bivecrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur Lieber, University of 
Kentucky, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

Вкоокітх RapioLocicaL Society 
Secretary, Dr. Edward Feely, St. Johns Episcopal Hos- 
pital, 480. Herkimer St., Brooklyn, N. Y. Meets first 
Thursday of each month, October through June. 

BurraLo RapioLoGicaL ЗОСТЕТУ 
Secretary, Dr. Berkeley Zinn, 85 Wehrle Dr., Buffalo 22, 
N. Y. Meets second Monday evening each month, Octo. 
ber to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 4:0 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of California Medical Association, 

Catawsa VALLEY RADIOLOGICAL ЅОСІЕТҮ 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C, at 
12:00 P.M, 

CENTRAL New York RaprorocicAL Socrery 
Secretary-Treasurer, Dr. Edward W. Carsky, Crouse- 
Irving Hospital, 820 S. Crouse Ave., Syracuse, N, У. 
Meets first Monday each month, October through May. 

CENTRAL Ouro КАРТОГООТСАТ, Society 
Secretars- Treasurer, Dr. Harold W. Long, 81 S, Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and Мау at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY or Nuc rear MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, HL 

Cuicaco RokgNTGEN Society 
Secretary-Treasurer, Dr. Robert D. Moseley, Jr., Dept, 
of Radiology, Univ. of Chicago, gso E. sgth St., Chicago 
37, Ш. Meets second Thursday of each month, October 
to April except December at the Pick-Congress Hotel at 
8:00 P.M. 

CievELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 1051; Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 P.M. on fourth 
Monday of October, November, January, February, 
March and April. 

Согокаро RaprioLocicAL ЗОСЈЕТУ 
Secretary, Dr. David J. Stephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denver Athletic Club from September through May. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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пе Md SA Walthall Te и 
есте г. ат W, г. 130 Maple St., 
Springe d, Mass. Meets in April and October. 
DarLAs-FozgTr Мохтн КАР101001САІ ЗОСТЕТУ 
Secretary, Dr. К. E. Collier, 3500 Gaston Ave., Dallas, 
Tex. Meets monthly, third Monday, at Southwest Inter- 
national Airport at 6:30 P.M. 
Derrorr Roentoen Ray AND RADIUM SOCIETY 
Secretarz, Dr. Robert L. Willis, Harper Hospital, Detroit 
1, Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
P.M. 
East Bay КОЕМТОЕМ SOCIETY 
Secretary, Dr. William С. Faraghan, 450 joth St., Oak- 
land 9, Calif. Meets first Thursday each month at 
University Club, Oakland, Calif. 
East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H. Kimball, 2200 Harris Circle, Cleve- 
land, Tenn. Meets in January and September. 
EasTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. С. 
FronipA RaDroLooicAL SoctETY 
Secretary, Dr. Andre S. Capi, 3471 N. Federal Highway, 
Fort Lauderdale, Fla. Meets twice annually, in the spring 
with the annual State Society Meeting and in the fall. 
FLorma West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Garth К. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 
(ЈЕОКОЈА RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 


ME Mects in spring and fall with Ánnual State Society 
eett 
GREATER Miami RADIOLOGICAL SOCIETY 


Secretary-Treasurer, Dr. Oliver P. Winslow, Jr., Baptist 
Hospital of Miami, Inc., 8900 5. W. 88th St., Miami 56, 
Fla. Meets топу, third Wednesday at 8:00 P.M. at 
Jackson Memorial Hospital, Miami, Fla. 

Greater St. Louis Society or RADIOLOGISTS 
Secretary-Treasurer, Dr. Mark D. Eagleton, 950 Francis 
Place, St. Louis, Mo. 

Houston RADIOLOGICAL SoCIETY 
Secretary, Dr. D. A. Van Velzer, Texas Medical Center 
Library, Jesse Н. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 Р.м., Houston, Tex. 

Ipano State RADIOLOGICAL SOCIETY 
Secretary, Dr. George Н. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILurwo1s RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, 10. Meets in the spring and fall, 

овое Зостету, Inc. 

Secretary, Dr. Richard A. Silver, 1815 №. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business n during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretery-Treasurer, Dr. Robert C. Lawson, зто Medical 
Arts Bidg., roth and Home, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meetings will be semiannually. 

пој P oed T BUE 

ecretary- Treasurer, Dr. Joan e, 402. Heyburn 
Building, Louisvill Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kines County RADIOLOGICAL SOCIETY 

Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
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Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthiy on fourth Thursday, October to May, 
8:45 Р.М. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone IstaND RADIOLOGICAL SOCIETY 
Secretary, Dr. Pe R. Mandel, Nassau Hospital, 
Mineola, L. L, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Austin R. Wilson, 540 №. Central Ave. 
Glendale, Calif. 91203. Meets second Wednesday of 
month in November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calf. 

MarNE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
На е. Meets in June, September, December and 

P 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

Mempnis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
mon 

Mip-Hupsonw RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y. Meets 7:00 P.M., 
first Wednesday of each month September to May. 

MILWAUKEE RoEgNTGEN Ray SOCIETY 
Secretary Treasurer, Dr. Harold Е. Ibach, 2400 W. Vil- 
lard Avenue, Milwaukee 9, Wis. Meets monthly on 
uus Monday, October through May, at University 

ub. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Peterson, St. Paul, 
Minn. Meets twice annually, fall and winter. 

Mississipp1 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., $04 dads 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 р.м. 

Missouzi RADIOLOGIĜAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Monrana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 р.м. in Omaha ог 
Lincoln, 

МЕУАРА RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department ot 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New Екогакр RogNTGEN Ray SOCIETY 
Secretary, Dr. Jack К. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

New НАМРЗНТЕКЕ Roenroren Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm 56, Man- 
chester, №. Н. Meets four to six times yearly, 

New Mexico ASSOCIATION oF RADIOLOGISTS 
Secretary-Treasurer, Dr osun J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico, 

New Mexico Soct&TY or RADIOLOGISTS 
Secretary, Dr. William С. McPheron, Hobbs, New 
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Mexico. Four annual meetings, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New York RogNTGEN Society 
Secretary, Dr. Harry Z. Mellins. Meets monthly on third 
Monday at the New York Academy of Medicine at 4130 
Р.М. 

Моктн CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Хоктн Dakora Rapiorocicar Society 
Secretary, Dr. Robert J. Olson, 1240 8th Ave., Williston, 
N. D. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

NonTH FLonipA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RapioLocicAL Sociery 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Johannessen, Mercy Hospital, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento. 

NORTHWESTERN Оно RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Онто Strate RADIOLOGICAL SOCIETY 
Secretary, Dr. M. M. Thompson, Jr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla. Meets in January, May and October. 

OnaNGE County RADIOLOGICAL Society 
Secretary- Treasurer, Dr. Herbert Н, Benson, тоо East 
Valencia-Mesa Dr, Fullerton, Calif. Meets fourth 
Tuesday of every month in Orange County Medical 
Association Building. 

Orecon RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
of month at 7:00 p.m. at the University Club, Portland, 
Ore. 

OnLEANSs Panis RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meetssecond Tuesday of each month. 

Paciric NortHwest КАРГОГОСЈСАТ, Society 
Secretary, Dr. Willis Taylor, Seattle, Washington. An- 
nual meeting to be announced, 

PENNSYLVANIA RADIOLOGICAL Society 
Secretary- Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Ра. Annual meeting to be announced. 

PHILADELPHIA RoEeNTGEN Ray Society 
Secretary, Dr. С. Jules Rominger, Misericordia Hospital, 
gath St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 p.m., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH RoENTGEN Society 
Secretary, Dr. Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo. 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY or CONNECTICUT 
Secretary Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. Нагоја N. Margolin, 6159 Tulane Road, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RabioLoGicAL Society or СКЕАТЕК Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, тото Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 
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Rapiorocicat Sociery or Hawar 
Secretary, Dr. Russell E. Graf, P.O. Box 294, USA Tripler 
General Hospital, Honolulu, Hawaii. Meets third Mon- 

_ day cf each month at 7:30 Р.м. 

Rapio.ocicar Society or Kansas Crry 
Secreiary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLƏGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleaas тс, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL SOCIETY or New JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

Raprorccican Sociery or RHODE Istaxp 
Secretery-Treasurer, Dr. Harvey B, Lesselbaum, Miriam 
Hospt-al, Providence, К. I. 

RADIOLOGICAL SOCIETY or THE STATE ОР New YORK 
Secretery-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

RaprorLocicAL Society or Зоџтн Dakora 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne. 
sota Ave., Sioux Falls, S. D. 

RADIOLOSICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary "Treasurer, Dr. John L. Gwinn, Children's Hos- 
pital of Los Angeles, 4614 Sunset Blvd., Los Angeles, 
Calif. o0027. Meets three times a year, usually October, 
February, and May. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee Е. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Кіснмохэо County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester Roentcen Ray Socigry, RocugsrEg, N. Y. 
Secretary, Dr. Irving B. Joffe, Rochester General Hos. 
pital, 1225 Portland Ave., Rochester 21, N. Y. Meets at 
8:15 p.m. оп the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. John H, Freed, 4200 East Ninth Ave., Den. 
ver 20, ' olo. Annual meeting to be announced. 

San ANTONIO-MitLrrag v RADIOLOGICAL SOCIETY 
Secretar». Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg. San Antonio 5, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
Р.М. 

San Disco Raprotocican ЅосІЕТҮ 
President-Secretary, Charles P. Hyslop, 7901 Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

SAN Francisco Rapio.ocicat Socrery 
Secretary, Dr. Malcolm Jones, University of California 
Hospital. San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. 

SECTION oN RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary Dr. William Н. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section ок RaproLocy, Mepicat Society or tHE Dis. 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Martin A. Thomas, 11:0 Con. 
necticut Ave., Washington 36, D. С, Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 p.m. 

Section on RADIOLOGY, SOUTHERN MEDICAL Association 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. Annual meeting: 
Houston, Texas, Nov. 1-4, 1965. 

SECTION oN Картогобу, Texas MEDICAL ÁssOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 
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SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SOCIETY For PxprATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, Los 
Angeles 27, Calif. Annual meeting: Washington Hilton 
Hotel, Washington, D. C., September 27, 1965. 

Socigry oF NucLEAR MEDICINE 
Secretary, Мт. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting to be announced. 

Sovru Bav RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 pple Ave., Redwood City, Calif.; Southern Sec- 

tion: Dr. Carleton J. Wright, 2015 Clarman Way, San 
Jose, Calif. Meets second Wednesday of each month. 

Sours CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primanly business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sours Darora RADIOLOGICAL SOCIETY 
есте, Dr. Donald J. Peik, 1417 5. Minnesota Ave. 
Sioux S. Dak, Meets in spring with State Medical 
Society and in fall. 

SOUTHERN RAD10LOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Grand Hotel, Point Clear, Ala., Jan. 28-30, 1966. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John М. McGuire, go4 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 р.м, in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 

his, Tenn. Meets annually at the time and place of the 
Fena State Medical Association meeting. 

TExAs RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bidg., Fort Worth 2, Tex. Annual meeting: Driscoll 
Hotel, Corpus Christi, Jan. 28-29, 1966. 

Tri-STaTE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital Henderson Ky. Meets third Wednesday of Oct., 
an., March an ay, 8:00 P.M., Elks Club in Evans- 
ville, Ind. 

Oniversiry Oy MICHIGAN Department or ROENTGEN- 
OLOGY Starr MEETING 
Meets cach Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
он Dr. А. Gonty, Menominee, Mich. Meets 
quarterly. 

UTAH STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 
pital, 2033 S. State St, Salt Lake City, Utah. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital 

VERMONT RADIOLOGICAL SOCIETY 
заставу. Dr. John R. Williams, 160 Allen St., Rutland, 

Е 


Virginia RADIOLOGICAL SOCIETY 
аса. Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 
WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secr Dr. Owen Marten, 930 Terry Avenue Seattle, 
Wash. Meets quarterly. 
Wesr Virornta RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
ital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee, 
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WzsrcHEsTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Peter P. Brancucci, Westchester Academ 
of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
Green Bay, Wis. Meets twice a year, May and September. 


Сова, Mexico, Роввто Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RapiéLocos DE CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 

$ dig C Dr. Roberto Calderón, Calle Central 

Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SocizDAD DE RanioLoofA pg EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 92. Calle A оос, Zona 1, 
Guatemala, 

ЗОСТЕРАРр ре RAnroroofa v FisioTERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vm, 
San José, Costa Rica. 

Socrepap Mexicana DE RanioLocfa, А.С. 

Calle del Oro No. 15, México 7, D. F. 
Seer. -General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOQÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bidg., Santurce, Puerto Rico. 

Зостерар RADIOLÓGICA PANAMEÑA . 


Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 

Panamá, R. de P. Meets monthly in a department of 

radiology of a local hospital chosen at preceding meeting. 
SOCIEDAD IoLÓarcA DE Puerto Rico 

Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 

sional Bl ., Santurce, Puerto Rico. Meets second Thurs- 

day of each month at 8:00 p.m. at the Puerto Rico Medi- 


cal Association Bldg. in San Juan. 


BRITISH COMMONWEALTH ОР NATIONS 


ASSOCIATION or RADIGLOGISTS OF THE PROVINCE OF Qu EBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 


Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Brrriso Insrrrurs or RADIOLOGY 
Honorary Secretary, Dr. R. D. Ho 2 Welbeck St., 
London, W. 1, England. Meets monthly from October 


until May. 

CANADIAN Association oF Puysicisrs, DIVISION oF 
Menica AND Bio.ooicaL Puyrsics. 
Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

Ермохтом AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Mason, 540 Tegler Bldg., Edmonton, 
Alberta, Canada, Meets second Tuesday of each month, 
October to May. 

PM D T — 

onorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 

Fields, London, W.C.2, England. Annual meeting 
to be announced. 

FacurTY or Каро10015т8, ROYAL COLLEGE or SURGEONS 
IN IRELAND 
Registrar, Dr. Н. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

Section or RADi0LoGY or THE RovAL Зостету or Мері. 
CINE (Conringep ro MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 Р.м. at the Royal 


Vor. 94, No. 3 


Society of Medicine, 1 Wimpole St., London, У. 1, Eng- 
land. 

CANADIAN AssociaTION or RADIOLOGISTS 
Honorary Secretary - Treasurer, Dr. D. J. Sieniewicz, Asso- 
ctate Honorary Secretary Treasurer, Dr. Maurice Dufresne, 
1555 Summerhill Ауе, Montreal 25, Que., Canada. 
Annual meeting to be announced. 

MonTREAL RapioLocica. Srupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SEcTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SocIÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
secretary General, Dr. Jacques Lespérance, 1656 Sher- 
brooke East, Montreal, Que., Canada. Meets every third 
Tuesday from October to April. Annual meeting: Mon- 
treal, Que., Canada, Dec. 8-11, 196x. 

Токохто RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Joseph’s Hospitals, 
30 The Queensway, Toronto 3, Ont., Canada. Meets 
second Monday of each month, September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 

ASOCIACIÓN ARGENTINA DE Rabriorocía 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 141 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 р.м. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

CoLecio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, São Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SOCIEDAD BoLivana DE RaproLocía 
Secretary, Dr. Javier Prada Méndez, Casilla 1296, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil, General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. J. Р, Velasco, Avenida Santa María 
одто, Santiago, Chile. Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Armando Uribe, Hospital Miltar Central, 
Apartado aéreo No. 5804, Bogotá, Colombia. Meets last 
Thursday of each month. 

ЗОСТЕРАр Ecuaroriana РЕ RapioLocía v FisiorERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SociEDAD РАКАСЏАХА DE RapioLoafa 
Secretary, Dr. Miguel González Addone, 1; de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru, Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A 
Carrión,” Villalta 218, Lima. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle до #41-110, Baran- 
quilla, Cao. Society meets monthly at the Instituto 
de Radiologia. 
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SocigbDAD DE RanrotLocía, CaNcEROLOGÍA у Ffsica 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Ernesto H, Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Carlos A, Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362 Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


CONTINENTAL EUROPE 


ÜsrEnREICHIsCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria, Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

Socitré BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociÉré EvropEENNE DE RapioLocie PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris тсе, France. 
General Secretary, Dr. Ole Eklöf, P.O. Box, Stockholm 60, 
Sweden. Annual meeting to be announced. 

SOCIETE FRANÇAISE D’ELECTRORADIOLOGIE MÉDICALE, 
and its branches: Sociéré pu Sup-Ovest, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU Lyonnais, DU 
NORD, ре L'Ovgsr, DE LEST, gr DALGER ET D'AFRIQUE 
pu Norp, Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGH A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova <o, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 

DeurscHe RONTGENGESELLSCHAFT 
Secretary, Professor Dr. med. Н. Lossen, Universitäts 
Róntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 

ЗОСТЕТА IrALiANA DI RaproLociA MEDICA Е pt MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING Voor RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 

SociepAD EsrpaÑora рЕ RapioLocía v ErkernoLoGíA 
Mepicas v MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain, Meets monthly in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (ЗОСТЕТЕ Suisse pg RADIOLOGIE ЕТ 
DE MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland, 


ASIA 


Inpian RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
1, Diakarta, Indonesia. 
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ABSTRACTS OF RADIOLOGICAL 
LITERATURE 


INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 
ABDOMEN 


WALKER, Е. C., and Curtis, G. T.: Irreversible 
changes of ulcerative colitis.............. 
GiLLIs, D. A., and Grantrmyre, E. B.: The 
meconium-plug syndrome and Hirsch- 
SpruHg S disease.. cec ev End рана 
FuEMMA, R. J., Capp, P. M., and SHINGLETON, 
W. W.: Percutaneous transhepatic cholangi- 
OGTADNY dd ad pedro T cesar ns 
Epmunps, R., Коскек, C., and Finsy, N.: In- 
travenous cholangiography: used in postcho- 
lecystectomy biliary tract disease. ........ 
Harrow, B. R., and Soane, J. A.: Acute 
renal failure following oral chalecystography: 
a unique nephrographic effect............. 


GENITOURINARY SysTEM 


MARSHALL, S.: A test of renal function: excre- 
tion of contrast medium as measured by 
urinary specific gravity.................. 

Horcnxiss, К. S., and Sammons, B. P.: Selec- 


ТОРРЕС LEE 
KaurrMaN, Н. M., Jr., et al.: Prolongation of 
renal homograft function by local graft radi- 
POH Ga ue sae Tek EET TE ER E S 
MARSHALL, S., Lapp, M., and Scuutre, J. W.: 


Lesions of the pancreas mimicking renal dis- 


GiANNARDI, G. F., Peru, G., and GASPARRI, 
F.: Radiologic investigation of the ureteral 
anastomosis after surgical interventions for 
urinary diversion............---+--+0208- 

Hyman, R. M., and Yuus, G. B.: An improved 
technique for male urethrocystography..... 

Frarey, E. E., Clouse, M., and Lirwiy, S. B.: 
The uses of lymphography, lymphadenogra- 
phy and color lymphadenography in urology. 


Nervous SYSTEM 


Dante, P. M.: Observations on the pathology 
of metastatic tumors in the nervous system... 
Winperer, B.: Metastases in the central 
nervous system: treatment by radiotherapy 
and chemotherapy <..4c0s56 RR i 
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О'Сокнкг, J. E. A.: The place of surgery in 
intracranial metastatic malignant disease. . . 
Сеше, G., and Purr, K.-H.: Problems in the 
clinical diagnosis of mecian intervertebral 
dise роја руб на а ви ERE eee RES 


SKELETAL SYSTEM 


DELBARRE, F.: Osteo-articular manifestations 
of һетосһготаё0815..................... 
Вомрен5, У. D., Jr., Виснтом, C. T., and 
Werrzman, G.: Primary articular-cartilage 
calcification with arthritis (pseudogout syn- 
COMIC o s cs a wine meat Sets dd itas 
ManorrAUXx, P., and Lamy, M.: Polydys- 
tronhic oligophrenia (mucopolysaccharidosis 
а os ин пријатна ил iui па dad 
Gr@rup, P. A.: Dorsal hemivertebra......... 
Harty, M.: The significance of the calcar 
femorale in femoral neck fractures......... 
Emy gus, H., and Нерзткбм, Ӧ.: Overgrowth 
following fracture of humerus in children... 
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ROENTGEN DIAGNOSIS 


ABDOMEN 


WALKER, FRANK C., and Curtis, GRAHAM T. 
Irreversible changes of ulcerative colitis. 
Brit. M. F., Feb. 13, 1965, 7, 414-416. (From: 
Department of Surgery and Department of 
Radiology, Royal Victoria Infirmary, New- 
castle upon Tyne, England.) 


In 40 cases of ulcerative colitis the authors have 
compared the roentgenologic features with the actual 
specimen removed by panproctocolectomy. It was 
concluded that irreversible stages of the disease were 
represented roentgenographically by pseudopolypo- 
sis, stricture, carcinoma, confluent lacunar sepsis, 
Joss of mucosal haustrations, acute toxic dilatation, 
and certain reticular patterns. 

Months or years of full medical treatment did not 
cause regression of the disease as observed by roent- 
genologic examination, although temporary remission 
of clinical symptoms did occur. 

The authors believe that there must be a stage 
where the disease is restricted to the mucosa or 
submucosa and the changes are reversible. However, 
valid distinguishing features have not yet been re- 
ported. The recognition of a stage at which damage 
to the colon becomes irreversible suggests that 
surgery should not be unduly delayed, and that when 
the disease has been present for Io or more years 
the carcinoma hazard is such as to justify a prophy- 
lactic colectomy.—^4frch Н. Hall, М.Р. 


Gituis, D. A., and Granrmyre, EDWARD B. 
The meconium-plug syndrome and Hirsch- 
sprung's disease. Canad. M. 4. 7., Jan. 30, 
1965, 92, 225—227. (From: Departments of 
Surgery and Radiology, The Children's Hos- 
pital, Halifax, Nova Scotia, Canada.) 


The meconium-plug syndrome is a distinct and 
relatively common entity characterized by obstruc- 
tion of the distal colon or rectum by an inspissated 
meconium plug. It is unrelated to meconium ileus 
and cystic fibrosis and must be differentiated in the 
neonatal period from ileal and colonic atresia and 
Hirschsprung’s disease. Bariam enema examination 
is usually diagnostic and therapeutic. Infants com- 
monly present with signs of low intestinal obstruc- 
tion and the plain roentgenograms are not diagnostic. 

The authors report 2 cases in which the patients 
presented with a meconium-plug syndrome and sub- 
sequently were discovered to have Hirschsprung's 
disease. 

The first of these patients died having agangli- 
onosis of the entire colon. The second survived follow- 
ing surgical correction of a low aganglionic segment. 

The authors feel that Hirschspurng’s disease should 
be considered in all cases presenting with meconium- 
plug syndrome.—Donald 5. Linton, Jr., M.D. 
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ЕрЕММА, Ковевт J., Capp, PauL M., and 
SHINGLETON, МпллАМ W. Percutaneous 
transhepatic cholangiography. 4.М.4. Arch. 
Surg., Jan., 1965, 90, 5-10. (From: Depart- 
ments of Surgery and Radiology, Duke Uni- 
versity Medical Center, Durham, N. C. 
27706.) 


The authors describe their experience with 63 cases 
in which percutaneous transhepatic cholangiography 
was attempted. Successful cholangiograms were ob- 
tained in 54 of the 63 attempts. The procedure was 
only performed in patients with a normal prothrom- 
bin time, prepared for possible surgery, who had 
received 24-hour course of tetracyline and strepto- 
mycin. 

The examination is carried out in the radiology 
department under local anesthesia. An 18 gauge aor- 
togram needle is introduced 12 cm. into the liver. The 
styloid is removed, and suction applied to the needle, 
which is slowly withdrawn until bile is aspirated. 
Then under fluoroscopic control 20 to бо cc. of £o 
per cent sodium diatrizoate (hypaque) is injected 
into the biliary tree and spot roentgenograms are 
taken. 

Further details of the technique including needle 
placement and direction, and modifications if no bile 
is aspirated are discussed. The contrast material is 
aspirated at the end of the examination if a completely 
obstructed common duct is demonstrated. 

Indications for percutaneous cholangiography are: 
(1) to investigate jaundice of obscure etiology; (2) 
to locate the level of extrahepatic obstruction, and 
distinguish carcinoma of the head of the pancreas 
from choledocholithiasis with ampullary impaction; 
and (3) to delineate the exact pathologic anatomy 
in cases of suspected benign stricture. 

In the presence of extrahepatic obstruction visu- 
alization of the bile ducts is relatively easy. Twenty 
of 22 patients with carcinoma of the head of the 
pancreas had three distinctive findings: (1) a convex 
downward configuration of the contrast medium in 
the common duct; (2) complete obstruction; and (3) 
a greatly dilated common duct. Differentiation was 
possible from choledocholithiasis where the findings 
were: (1) convex upward configuration of contrast 
medium in the common duct; and (2) partial obstruc. 
tion with some contrast material entering the duo- 
denum. 

In a group of 12 patients with benign strictures 
of the biliary tree, a high percentage had multiple 
anomalies—all demonstrated by percutaneous cholan- 
giography. Knowledge of this anatomic detail saved 
considerable operating time. 

In the 10 patients with a normal ductal system 
with nonvisualization of the system, no subsequent 
evidence of obstructive disease could be shown. 
Although the point is still debatable, it has been 
shown that nonvisualization of the biliary trece is 
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very frequently associated with hepatocellular dis- 
ease without an obstructive component. 

The oe of this Pues dure are: (1) bile 
leakage; (2) septicemia; and (3, РАХ The 
total incidence of bile leakage in the literature is $$ 
per cent. In the authors' experience, leakage occurred 
only in patients completely obstructed by carcinoma 
of the head of the pancreas. This was recognized 
within minutes and the necessary operative proce- 
dure carried out without increase in morbidity and no 
mortality. 

Major advantages of this procedure are: (1) lapa- 
rotomy may be obviated with demonstration of a 
normal biliary tree; (2) differentiation may be pos- 
sible between obstruction due to carcinoma of the 
head of the pancreas and choledocholithiasis; and 
(3) the exact anatomy of a benign stricture can be 


identified, facilitating the operative procedure.— 
Пап G. Greene, М.Р. 
Крмомрз, Ковект, RUCKER, CHARLES, and 


dr DIE intravenous OA 


tract disease: rare, pr p. "fans 
1965, 90, 73-75. (Address: Dr. Edmunds, 
Amsterdam Avenue and 113th Street, New 
York, N. Y. 10025.) 


The records of 124 postcholecystectomy patients 
investigated by intravenous cholangiography were 
reviewed. In тог asymptomatic patients the common 
duct varied from 4 mm. to 13 mm. in diameter; the 
average diameter was 8.5 mm. In the 23 symptomatic 
patients, the common duct diameter varied from 5 
mm. to 20 mm.; the aver rage diameter was 10.3 mm. 
In 7 of these s inptomdtic patients, with Ud 
of biliary obstruction (either by history or bv ele- 
vated serum bilirubin) the average duct diameter was 
12.0 mm. 

The authors feel that a common bile duct with a 
diameter greater than 10 mm. is probably abnormal, 
and that in patients with persistent biliary tract 
symptoms after cholecystectomy and an abnormal 
common duct by intravenous cholangiography a 


second operation should be considered.—-A4/an G. 
Greene, M.D. 


Harrow, Benepicr R., and SLOANE, Jack 
ALLEN. Acute renal failure following oral 
cholecystography: a unique nephrographic 
effect. dm. ў. M. Sc., Jan., 1965, 249, 26-35. 
(From: Section of Urology, University of 
Miami School of Medicine, Miami, Florida.) 
Reported cases of acute renal failure following the 

administration of oral cholecystographic agents have 

continued to become increasingly more common. 

Concern over this increased incidence, especially af- 

ter orabilex administration, has resulted in its with- 

drawal from the market by the Food and Drug 
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Administration. The authors add 6 new cases to 22 
previously reported in the literature. In < cases 
the reral failure followed bunamiody! soduim (ога- 
bilex) zdministration and in 1 case it was observed 
after lcdoalphionic acid (priodax) administration. 

The соттоп denominator in the majority of cases 
presented was doubled, repeated and excessive dos- 
age. The attempt to force gallbladder visualization 
in patients with severe obstructive jaundice was also 
felt to be a factor. Twnety-six of the total 28 patients 
had severe liver or gallbladder disease. The authors 
believe chat pre-existing renal disease, however, is 
not as clearly implicated as a predisposing factor 
since the majority of the cases had normal renal 
function prior to the reported episodes. 

The mechanism of renal damage is not completely 
understood. In most discussions, the renal changes 
have been ascribed to a direct action of the contrast 
media on kidney tubules causing an acute tubular 
necrosis Possibility of crystalluria damaging the 
tubules or toxic action on the renal blood vessels 
with coastriction of preglomerular vessels has also 
been suggested. The latter has been suggested to ex- 
plain one case in which the nephrogram persisted 
for 3o hours on an intravenous pyelogram performed 
following oral cholecystography. This patient had 
had normal renal function on admission. 

Although orabilex has been the agent more fre- 
quently cited, cases of acute renal failure following 
priodax and telepaque administration have been 
reported. It has also been shown that all common 
cholecystographic agents can cause temporary renal 
impairment and azotemia. 

The anthors express the opinion that the evidence 
Is not conclusive that orabilex is more toxic than 
those agents previously used because of its higher 
rate of intestinal absorption. Further investigation 
into this problem is warranted. In the over.all view, 
these are among the safest drugs available today and 
double deses should continue to be used in appro- 
priate clinical problems. Attempts to force gallblad- 
der visualization in patients severely jaundiced 
should be avoided.-—4lan С. Greene, М.Р). 


GENITOURINARY SysTEM 


MARSHALL, SUMNER. A test of renal function: 
excretion of contrast medium as measured by 
urinary specific gravity. Brit, 7. Urol, Dec., 
1964, 5 30, $19-525. (From: Division of Urol- 
ogy, E niversity of California School of Medi- 
cine, San Francisco 29 x ali 
The au-aor uses the determination of urine specific 

gravity as a test of renal function. Base line specific 

gravity determinations were done on 30 catheterized 
patients who had varying degrees of renal function. 

The specific gravity was then tested on 15 or 30 

minute urine samples through a 2 hour period fol. 

lowing the injection of 30 ml. of zo per cent sodium 
diatrizoatz (hypaque). Measurements were made by 
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hydrometer. The increase of specific gravity was 
compared with the percentage of phenolsulphon- 
phthalein (PSP) excretion at 30 and 6o minutes and 
also with serum creatinine levels. 

The author observed a specific gravity increase 
within 1€ minutes which persisted throughout the 
following 2 hours. A statistically significant correla- 
tion was observed between the increase and the other 
tests of renal function, although closer correlation 
was present between the PSP and the specific gravity 
than with the serum creatinine. 

Variation in urine volume did not affect the spe- 
cific gravity nor did the amount or concentration of 
injected contrast material. The test is easily per- 
formed and requires only a hydrometer and two 
specimen bottles, one for a pre-injection base line 
determination and one for a urine sample taken 
before the post voiding roentgenogram. A specific 
gravity rise of 0.025 or greater indicates normal renal 
function.— Fohn 4. Tobin, M.D. 


Нотснкізз, Ковевт S., and Sammons, B. Р. 
Selective renal angiography. 7. Urol, Feb., 
1965, 93, 309-318. (From: Departments of 
Urology and Radiology, New York Univer- 
sity Medical Center, New York, N. Y.) 


The authors report 6 patients with urinary tract 
disease not disclosed by the usual excretory and 
retrograde pyelography. In each instance, selective 
renal arteriography or aortography established a 
definitive diagnosis. These diagnoses included a small 
clear cell carcinoma, clear cell carcinoma in multi- 
cystic renal disease, papillary carcinoma of the renal 
pelvis, renal carcinoma with anomalous blood supply, 
silent hydronephrosis, and bilateral adrenal pheo- 
chromocytomas. 

Selective renal angiography requires only 8 cc. of 
opaque medium per kidney. The renal arteries are 
identified by the use of the image amplifier and tele- 
vision reception, after injection of radiopaque mate- 
rial into the aorta. The catheter is placed selectively 
into the artery to be studied. 

In a series of over 700 renal angiographies рег- 
formed by the authors, no serious complications 
were noted. 

This article points out that tn addition to the value 
of selective renal angiography for the study of hyper- 
tension, it is also valuable in obscure or complicated 
renal disease.—George W. Chamberlin, M.D. 


Steyn, J., and Говте, №. J. Medullary sponge 
kidney. Brit. 7. Urol., Dec., 1964, 36, 482- 
486. (From: Aberdeen Royal Infirmary, and 
University of Aberdeen, Aberdeen, Scot- 
land.) 


Medullary sponge kidney is usually seen in adults. 
Cystic dilatation of the collecting tubules 1s confined 
to the renal pyramids and may be either unilateral 
or bilateral. The diagnosis is made from the roent- 
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genologic appearance, which reveals filling of the 
cystic spaces in the pyramids with contrast medium 
during intravenous pyelographic examination. The 
differential diagnosis is from renal tuberculosis, renal 
papillary necrosis, solitary calyceal cysts, and neph- 
rocalcinosis. Often calcium concretions are present 
in the cysts at the apices of the pyramids. 

The purpose of this paper is to report the result of 
renal function studies in 3 cases of medullary sponge 
kidney. Glomerular function was normal as deter- 
mined by creatinine clearance studies. Tubular func- 
tion was probably impaired as indicated by hy- 
percalciuria in approximately one-third of cases or 
an inability to concentrate urine as seen in approxi- 
mately one-half of the reported cases. The response 
to the acid load test of Wrong and Davies, however. 
was unimpaired. 

The disease itself is not progressive, but calculus 
formation or renal sepsis may modify the renal 
function considerably.—Charles Hewel, M.D. 


Owen, КЕММЕТН. Renal ischemia and hyper- 
tension. Brit. 7. Surg., Oct., 1964, 57, 731— 
735. (From: St. Mary's Hospital, London, 
W.2, and St. Paul's Hospital, London, 
W.C.2, England.) 


Renal ischemia is now well recognized as a cause 
of hypertension experimentally and clinically. 

The author limits his discussion to obstructions 
of the main vessels. Ín his series of 41 cases, the two 
most common causes were: (1) atheroma of the renal 
artery, usually causing stenosis near the origin of the 
artery and most commonly found in men, the age 
range being 38 to 70 years; (2) fibromuscular hyper- 
plasia, usually producing a beaded appearance in the 
middle of the artery, most commonly in females in 
the age range of 2 to 57 years. Definitive diagnosis 
is by renal angiography but intravenous pyelography 
and renography were the most valuable screening 
tests. 

The author points out that the typical intravenous 
pyelographic finding is of a smaller kidney and pelvis 
on the ischemic side with the increased density of 
contrast medium which occurs because of maintained 
tubular function concentrating a diminished glomer- 
ular filtrate on the affected side to a greater degree 
than on the other side. In suspected cases, split 
function studies, renal biposy, renal vascular flow 
and pressure studies are helpful in final confirmation. 

The author feels that surgery should be considered 
for hypertension not responding to medical treatment 
and discusses in detail the surgical techniques of 
thrombo.endarterectomy, splenic and renal artery 
anastomosis, by-pass graft from aorta to renal artery, 
and hypothermia. 

The results were regarded as good when the blood 
pressure returned to normal levels after surgery 
without hypotensive drugs, and improved when the 
blood pressure dropped significantly although not to 
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normal levels, or was controllable at normal levels 
with drugs which were ineffective preoperatively. 
Of the 37 survivors of operation, 1; had a good result, 
11 were improved and то showed no cha nge. In 
most of the successful cases, a gradual d rop in blood 
pressure was noted, taking up to 6 months for return 
to normal. 

Reasons for failure were coincidence of atheroma 
and essential hypertension, late development of ste- 
nosis in a contralateral artery, persistence of hyperal- 
dosteronism and disease in the renal artery branches. 


— fames R. Knapp, M.D. 


Kaurrman, Н. Myron, је, Creve LAND, 
Кіснавр J., Dwyer, James J., Ler, Н. M., 
and Hume, Davip M. Prolongation of renal 
homograft function by local graft radiation. 
Surg., Gynec. < Obst., Jan., 1965, 720, 49-58. 
(From: Department of Surgery and the 
Lewis L. Strauss Surgical Research Labora- 
tory, Medical College of Virginia, Rich- 
mond, Va.) 


Therapy which will prolong functional survival of 
renal homografts has been limited to irradiation 
and/or immuno-suppressive drugs. The authors feel 
that it would be desirable to inhibit the host response 
to the homografts selectively rather than suppress 
the entire system indiscriminately. 

Lymphocyte and plasma cell infiltration into the 
interstitium of the homotransplanted kidney is one 
of the earliest and most characteristic histologic 
changes of rejection. In order to assess the effect of 
radiation upon the lymphoid cells migrating to the 
grafts, which are presumed to be capable of producing 
antibodies against the transplant, the authors irra- 
diated the grafts locally in a series of mongrel dogs 
which had received kidney homografts. Significant 
prolongation. of functional survival was achieved 
without either hematopoietic depression or general. 
ized immune system suppression, 

Sequential doses of 150 r every other day for a 
total of goo r, were effective in prolonging survival 
only 1f the first dose was given the dav of the trans- 
plant. If the first dose of the radiation was dela ved 
until the second or third day after the transplant or 
if increments of only 100 r were used, no significant 
prolongation of function over the control grou p was 
seen. Lowering of elevated blood urea nitrogen and 
attenuation of round cell infiltration was occasionally 
observed.—fames R, Knapp, M.D. 


MARSHALL, Sumner, Lapp, Mauric E, and 
SCHULTE, Јон W. Lesions of the pancreas 
mimicking renal disease. 7. Urol, Jan., 196 [yn 
93, 41-45. (From: Division of Urology, De- 
partment of Surgery, University of Cali- 
fornia Medical Center, San Francisco, Calif.) 


The authors present 13 brief case reports of adult 
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patients who had subjective symptoms or roe ntgen- 
ographic signs which sug 


ре ua 


in the body or tail of the pancreas. Uro-genital 
symptoms were present in 11 of the 13; 3 had hema- 
turia. Eleven patients showed downward dis place- 
ment of the left kidney on the intravenous u rograms; 
4 had calyceal distortion; and > exhibited anterior 
displacement of the stomach on the roen tgenogram. 

Because of the intimate relationship of the tail of 
the pancreas to the left kidney, any mass in this area 
could encroach directly upon the left urinary tract. 
The roeatgen findings of extrinsic pressure on the 
kidney can be confusing. Careful evaluation of the 
roentgerograms taken with the patient in various 
positione, including the erect and lateral projections, 
are necessary to differentiate intrarenal from extra. 
renal disease when associated with pancreatic mass 
lesions. 

The anthors include 1 table and 7 figures to illus- 
trate the findings in their article.—George W. Cham. 
berlin, M.D. 


за 


GiANNARDI, С. F., PELU, G., and Gasparr PE 
L'indagine radiologica dell'anastomosi ure. 
terale dopo interventi di derivazione uri. 
naria. (Radiologic investigation of the ure- 
teral anastomosis after surgical interventions 
tor urinary diversion.) Radiol, тей. Nov., 
1964, 50, 1132—1143. (Address: Dott. Gian. 
france Giannardi, Via Cuoco, 5, l'irenze, 
Italv.: 


Incompetence or stenosis of the ureteral orifice is 
the most common postoperative complication after 
urinary diversion. In either case there is an obstacle 
to the normal urinary flow through the ureter with 
secondary ureteral hypertension which will eventu- 
ally produce severe damage to the kidneys. 

The authors have reviewed the roentgen findings 
observed in intravenous and retrograde urograms of 
104 patients who had total pelvic exenteration 
because of malignant lesions of the internal genital 
organs. 

The types of urinary diversion were: ureterorectos- 
соту in 33 patients, ureterocolocystoplasty in 12, 
ureterosigmoidostomy in 8, ureterocolostom y іп 48, 
and urete-oileostomy in 3. 

Discussed are the incompetence and stenosis of 
the ureteral anastomosis and the related changes in 
the whole urinarv tract, 


and tolerated.. F, Govoni, M.D. 


Hyman, Хіснако M., and Үсілѕ, Grorce B. 
An improved technique for male urethro- 
cystography. 7. Urol., Jan., 1965, 93, 62-6 3. 
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(From: Departments of Urology, The French 
and Morrisania Hospitals, New York, N. Y.) 


The disadvantages of the Brodny clamp for the 
roentgen demonstration of the male urethra are well 
known to those who have used this procedure. It 
necessitates some degree of roentgen exposure to the 
hands of the examiner and the clamp is often uncom- 
fortable to the patient. 

The following method is used by the authors: 
After a preliminary roentgenogram of the lower 
urinary tract has been obtained, the bladder is filled 
to slightly less than its capacity with any opaque 
medium. The catheter is then withdrawn and a 
second roentgenogram is taken. An 8F Foley pediat- 
ric catheter with a 3 cc. balloon 1s inserted into the 
fossa navicularis. The balloon 1s inflated with 2 cc. 
of water and gentle traction is applied in order to 
completely occlude the urethral lumen. An extension 
of several feet of sterile, ordinary rubber tubing of 
small caliber is connected to the catheter so that the 
examiner can remain well out of the field of roentgen- 
ray exposure. A 20 per cent aqueous solution of so- 
dium skiodan is a satisfactory medium. An injection 
is made with an ordinary 2 ounce bulb syringe using 
even pressure throughout the exposure. Roentgeno- 
grams are taken with the patient in the supine and in 
the usual bicycle riding position. 

In more than 300 patients, the authors have ob- 
tained excellent urethrocystograms with rare excep- 
tions. They do not recommend the use of any 
appreciable thickening of the 20 per cent skiodan 
and have found'this liquid radiopaque medium some- 
what more advantageous than the more viscid 
media. The usual care and gentleness in the perfor- 
mance of the injection and the avoidance of an 
examination too soon after previous instrumental 
trauma are recommended. 

The advantages of the authors’ method are its 
simplicity, its inherent inexpensive nature, and its 
safety both to the patient and to the operator.— 
George W. Chamberlin, M.D. 


FRALEY, Erwin E., Crouse, MELVIN, and 
LrrwiN, S. Berr. The uses of lymphography, 
lymphadenography and color lymphadenog- 
raphy in urology. 7. Urol, Feb., 1965, 93, 
319-325. (From: Departments of Urology, 
Radiology and Surgery, Massachusetts Gen- 
eral Hospital, Boston, Mass.) 


The authors have studied 24 urologic patients, 6 
of whom had idiopathic retroperitoneal fibrosis and 
16 a malignant lesion or complication following radi- 
‘cal surgery. The technique of performing the lymph- 
ography is the standard procedure which has been 
previously published. 

In 5 of the 6 patients who had retroperitoneal 
fibrosis, there were significant lymphographic ab- 
normalities. These abnormalities included extensive 
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collateral circulation with blockage of the more 
cephalic portions of the lumbar lymph nodes and 
lymph channels. There was also evidence of displace- 
ment of both the lymph vessels and the lymph nodes 
by the fibrotic process which surrounds the ureters. 

Lymphography is of value in the preoperative 
diagnosis of retroperitoneal fibrosis since this condi- 
tion is rarely amenable to diagnosis by the usual 
routine urologic procedures. In addition, the use of 
chlorophyll dye to stain the lymphatics has been of 
assistance in the surgical dissection of the involved 
areas. Various types of malignant metastases, some 
of which were previously undiagnosed by clinical 
and other laboratory studies, were disclosed by the 
use of lymphography and color lymphadenography. 

The authors include 8 illustrations.—George W. 
Chamberlin, M.D. 


Nervous SYSTEM 


DaniEL, P. M. Observations on the pathology 
of metastatic tumours in the nervous system. 
Proc. Roy. Soc. Med., Dec., 1964, 57, 1151—- 
1153. (From: Department of Neuropathol- 
ogy, Institute of Psychiatry, Maudsley 
Hospital, London, England.) 


Cancer of the lung, breast, kidney, and melanomas 
are those which most commonly metastasize to the 
nervous system. The most frequent sites for metas- 
tases are the cerebral hemispheres followed by the 
cerebellum and the brain stem. Metastases within 
the spinal cord are somewhat rare, although not 
uncommonly seen in the subarachnoid space. Metas- 
tases, both large and small, usually originate in the 
grey matter and are quite often well defined and 
easily shelled out completely by the neurosurgeon, 
in this way being quite unlike gliomas. 

Two forms of involvement of the nervous system 
by carcinomata are relatively little known. These are 
carcinomatosis of ‘the meninges, “carcinomatous 
meningitis,” and the so-called ‘‘carcinomatous en- 
cephalitis.” Clinically, the most striking feature of 
the former is extremely severe headache. An early 
sign may be blindness due to pressure on the optic 
nerves. In “carcinomatous encephalitis,” dementia 
may be the presenting symptom. In the meningitic 
form, the tumor grows along the meninges, and in 
the encephalitic form, the small vessels of the brain 
are cuffed by a layer of tumor cells. In both of these 
conditions, it is sometimes possible to make the 
diagnosis by identifying tumor cells in the cerebro- 
spinal fluid. It is thought that these tumor cells 
interfere with the passage of oxygen and metabolites 
to and from the cerebral tissue. 

Finally, there are forms of degeneration of the 
nervous system which may occur in association with 
carcinoma of various organs (especially carcinoma 
of the lung). The sensory neuropathy, first described 
by Denny-Brown in 1948, in which severe loss of 
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nerve cells in the posterior root ganglia leads to ex- 
tensive sensory loss, is probablv less rare than is 
generally thought. Cerebellar degeneration is also 
not uncommonly associated with carcinoma. There 
is severe loss of Pu rkinje cells of the cerebellum, with 
degeneration of parts of the white matter. There is 
believed to bea myopathy associated with carcinom di 
but this is not so clear cut pathologically as are the 
neuropathies and cerebellar lesions. 

At present, the real causes of these degenerations 
of the nervous system associated with carcinoma are 
unknown but it seems most likely that they are due 
to some metabolic disturbance, presumably secon- 
dary to carcinoma.— Charles Hewel, M.D. 


WiNDEYER, Brian. Metastases in the central 


dlesex Hospital, London, England.) 


Metastasis in the central nervous system may be 
the final stage in the evolution of generalized malig- 
nant disease. Occasionally this may be the first sign 
of recurrence after previous successful therapy. In- 
frequently this may give the presenting sign in the 
case of a previous undiagnosed cancer. 

Symptoms from intracranial disease may include 
headache, vomiting, failing vision, n ystagmus, paral- 
ysis, behavioral changes and progressive coma. 

Therapy of intracranial metastases is essentially 
palliative in nature. Such therapy may be of inesti- 
mable value to the patient as it would be possible to 
give relief of painful and distressing symptoms. 


Moreover, it would be possible to produce prolon- 


gation of life as illustrated by the author's cases. 
If the amount of brain destruction is extensive, 
treatment should not be undertaken. If there are 
other extensive metastases elsewhere, radiotherapy 
to the brain is not indicated unless to relieve pain. 
Metastases involving the spinal cord тау present 
with pain or with neurologic symptoms. The onset 
may be slow or sudden. There may or may not be 
associated bone involvement. Rapidly developing 
paraplegia may be the first sign in Hodgkin’s disease. 
The author believes that laminectomy designed to 
relieve pressure should be done and this should be 
followed immediately by radiotherapy. Additional 
chemotherapy should be employed only in the pres- 
ence of wide-spread disease of known radiosensitivi ty. 
Wide-spread and terminal disease with long- 
standing paraplegia is a contraindication to therapy. 
Intra-arterial perfusion of intracranial tumors has 
not been proven useful in the author's experience. 
Hormone therapy may be efficacious in metastases 
for сапсего the breast. —K, K. N. Chary, M.D EFR. 


O'Conner, J. E. A. The place of surgery in 
intracranial metastatic malignant disease. 
Proc. Roy. Soc. Med., Dec., 1964, 57, 11 s9- 
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1164. (From: St. Bartholomew's Hospital 
London, England.) 


ki 


The aathor reviews the neurosurgical problem of 
metastatic intracranial disease and presents 6 illus- 
trative eases. These are: (1) dural metastases ( 


case); (2) leptomeningeal metastases (2 cases): and 


(1) metastases within the nervous tissues (3 cases), 

Dural metastases may simulate a subdural collec. 
tion, Leptomeningeal metastases clinically may pre- 
sent wita meningeal irritation and examination of 
cerebrospinal fluid cytology or meningeal biops y will 
establish the diagnosis. No definite neurosurgical 
treatment is possible for these conditions. Metastases 
within the nervous tissue are managed individually 
according to the problem and disease, and in selected 
cases neurosurgery can provide worthwhile pallia. 
tion.--Yesh Maruyama, М.Р). 


GEILE, G., and Purr, K.-H. Problems in the 
clinical diagnosis of median intervertebral 





1964, 9, 505-509. (From: Neurological Sec- 
tion, the Neuroradiological Section, and the 
General Section of the Neurological Depart- 
ment and Polyclinic, University Hamburg- 
Eppendorf, Hamburg, Germany.) 





Mediar prolapse of intervertebral disk has few 
clinical manifestations, There may be reflex stiffness 
of the back and transient pain radiating to either 
side. However, these lesions can give rise to compres. 
sion of the cauda equina which leads to grave danger 
if the patent undergoes chiropractic or similar med- 
ico-mechanical treatment. Operative therapy is 
indicated, consisting of laminectomy and removal 
of the disx; postoperatively the patients do well. 

During a period of 4 years the authors found a 
total or subtotal block, using abrodil m yelography, 
In 47 patients. Only 6 of these patients had a caudal 
syndrome due to massive prolapse; the rem aining 41 
usually presented with a history of recurrent lum. 
bago. Pair radiating into the legs was not definitely 
segmental and alternated from one leg to another. 
Most of the patients had had symptoms for $ fo 10 
years; only 10 patients had pain for less than 3 vears, 
The cases of total prolapses with cauda equina signs 
belonged in the latter group. 

Atypical sciatica may hide a relatively asymp- 
tomatic median disk prolapse; therefore, myelog- 
raphy is indicated. A characteristic pattern is seen 
in a total biock with a distinct, horizontal, irregular 
break-off, Often small traces of the contrast medium 
are noted caudal to the lesion, indicating subtotal 
block. Unlike lateral prolapses which frequently 
involve the fifth lumbar disk, median prolapses 
usually affect the fourth, third, and second disks, 
respectively. 

A case, with illustrations, is reported in detail to 
emphasize the uncertainty of the clinical diagnosis 
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and the diagnostic importance of myelography in 
median disk prolapses.—W’. 7. Carmoney, Jr., M.D. 


SKELETAL SYSTEM 


DeELBARRE, Е. Les manifestations ostéo-articu- 
laires de l'hémochromatose. (Osteo-articular 
manifestations of hemochromatosis.) . Presse 
méd., Nov., 1964, 72, 2973-2978. (From: 
Clinique de Rhumatologie de la Faculté de 
Médecine de Paris et du Centre de Re- 
cherches sur les Maladies ostéo-articulaires, 
Hôpital Cochin, 27, rue du Faubourg-Saint- 
Jacques, Paris-14, France.) 


Gastroenterologists, cardiologists and endocrinol- 
ogists have long been concerned with hemochroma- 
tosis, but recently it has aroused the interest of the 
specialists treating osteo-articular diseases as well. 

In 1960, the author reported on the osteoporosis 
encountered in this disease and his attention was 
sharpened by the fact that many patients had con- 
sulted for pains and even fractures. The coexisting 
articular signs were noted but, on account of the 
patients' ages, arthrosis was the usual diagnosis. 
Recently, Schumaker (1964) mentioned the possible 
occurrence of a particular arthropathy. 

The author reviews his cases and describes three 
typesof manifestations:(1) osteoporosis, (2) chrondro- 
calcinosis-ike changes and (3) arthropathy. 

He then briefly reports 3 typical cases. The first 
presented a painful and deforming arthritic process 
localized in both hands, predominantly in the left 
one. The process involved mostly the proximal 
interphalangeal joints and, to a lesser degree, the 
metacarpophalangeal joints. Discrete osteoporosis 
was also noted. In the second case, a right coxopathy 
was present, associated with minimal osteophytosis. 
Both knees showed meniscal calcifications and a 
marked osteoporosis was noted. The third case 
showed a pronounced osteoporosis, with a picture 
of chondrocalcinosis and arthralgia involving both 
knees, left elbow, and right cubito-carpal joint. 

(1) Osteoporosis is present in about 25 per cent of 
the cases, and, after being latent for a long period, 
it becomes evident late in the disease. This is why 
it should be searched for by biochemical tests and 
biopsy, especially in cases up to 40 years of age, 
before more severe clinical manifestations appear. 
The bone biopsy reveals a picture of common osteo- 
porosis which cannot be accounted for on a senile, 
nutritional, or diabetic basis. A high testosterone 
treatment (со mg./24 hours) corrects the metabolic 
anomalies. During the treatment, calciuria progres- 
sively decreases and the provoked hypercalciuria 
shows that more calcium is retained. The relief is 
temporary, as long as the patient is being treated, 
and hypercalciuria reappears in the following 
months, The most probable cause is the hypoandro- 
genic hormonal status. 
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(2) Chondrocalcinosis-like deposits are seen in the 
shoulders, elbows, wrists, and most frequently, the 
knee menisci. They may or may not be accompanied 
by pains. They are identical to idiopathic chondro- 
calcinosis, but without the painful bouts reminiscent 
of gout. Comparable findings have been described 
in Wilson's disease. This last entity could result 
from a load of heavy metal in cartilage, as in hemo- 
chromatosis where an abnormal ferric deposit has 
been found in contact with bone trabeculae. 

(3) arthropathy is characterized by pain and artic- 
ular sweling, with periodic exacerbations, and 
affects the knees, hips, ankles, symphysis pubis, and 
particularly the proximal interphalangeal Joints. 
The biopsy reveals synovial infiltration with hemo- 
siderin deposits. Roentgenologic examination dem- 
onstrates a narrowing of the joint, intra-osseous 
punched-out areas adjacent to the joint, and sub- 
chondral bone condensation, osteophytosis being 
minimal in spite of the long duration of the disease. 


—H. P. Lévesque, M.D. 


Bunpens, Warner D., JR., BRIGHTON, CARL 
T., and WEITZMAN, GERALD. Primary articu- 
lar-cartilage calcification with arthritis (pseu- 
dogout syndrome). 7. Bone & Joint Surg., 
Jan., 1965, 47-4, 111-122. (From: Ortho- 
paedic Service, United States Naval Hospi- 
tal, Philadelphia, Pa.) 


Calcification of knee menisci has been recognized 
for many years. Occasionally calcification of artic- 
ular cartilage has been reported in association with 
meniscus calcification. Extensive review of the 
foreign and English literature reveals calcified artic- 
ular cartilage reported under various names; f.e., 
chondrocalcinosis polyarticularis, diffuse articular 
chondrocalcinosis, pseudogout syndrome, etc. 

The authors report 4 cases of their own and tabu- 
late the findings of 65 cases reported in the literature. 
The entity is noted about twice as often in men, has 
two peaks of incidence at 40-69 years (the larger), 
and 20-29 years, with both acute and chronic onsets. 
The knee joint was the most commonly involved. 
Calcification also may occur in the triangular liga- 
ment of the wrist, the fibrocartilage of the annulus 
fibrosus, but calcification of interphalangeal joint 
cartilage has not been reported. 

Acute attacks last from 1 to 3 weeks, and therapy 
with colchine, phenylbutazone, or aspirin relieves 
them. Aspiration of joint fluid alone may abort an 
acute episode. Use of intra-articular procaine and 
hydrocortisone is not successful. Calcified articular 
cartilage may also be found in asymptomatic pa- 
tients. Occasionally, patients present with multi- 
ple recurrent episodes of pain and joint effusion 
without roentgenologic evidence of calcified carti- 
lage. | 

Diagnosis can only be proven by examination of 
the joint fluid, which is opaque, has low viscosity 
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and givesa loose, friable clot with glacial acetic acid. 
Intraleukocytic, weakly birefringent, crystals were 
identified as calcium pyrophosphate by roen tgen-ray 
diffraction. 

The authors agree with others that the calcifica- 
tion is primary and not secondary to degenerative 
processes. The multiple frequently asymmetric joint 
involvement, the occasional familial incidence, the 
even distribution of calcium throughout the inter- 
mediate layer of articular cartilage, the lacunar or 
perilacunar location of the initial calcium deposition 
and the finding of calcium pyrophosphate (not 
calcium phosphate) crystals in articular cartilage 
support this view. They believe that the disease is 
a disorder of calcium metabolism. If the deposition 
of calcium is rapid, acute symptoms develop; if the 
deposition !s slow, possibly no symptoms may be 
observed. Regardless of the speed of deposition, the 
crystals cause chondrocyte death which eventually 
leads to cartilage degeneration. 

The authors suggest another name for this mal- 
ady: primary articular cartilage calcification with 
arthritis. —W. У, Carmoney, Jr., M.D. 


Maroreaux, Prerre, and Lamy, MAURICE. 
l'opigophrénie polydystrophique (mucopoly- 


saccharidose H.-S.) (Polydystrophic oli- 
gophrenia [mucopolysaccharidosis | H..S.].) 


Presse méd, Nov., 1964, 72, 2991-2996. 
(From: Clinique de Génétique Médicale, 
149 rue de Sevres, Paris-15, France.) 


In Hurler’s disease, two mucopolysaccharides are 
eliminated in great quantities in the urine: chon- 
droitin sulfate-B and heparin-sulfate. In 1961, К. 
Meyer, studying gargoylism, noted the exclusive 
presence of heparin-sulfate in 2 of his patients. The 
present article is a report based on 7 similar cases, 
and the authors refer to this entity as polydystro- 
phic oligophrenia, since mental degradation pre- 
dominates, and because of its relationship to Hurler’s 
polydystrophy. The exclusive elimination of heparin 
sulfate in the urine differentiates this anomaly from 
Hurler’s disease. 

Clinically, the disease is usually noted around the 
second or third vear, sometimes later. Often the 
parents have noted a disturbance in the child’s 
character, stagnation and even regression of his 
psychomotor development. The child appears nor- 
mal in the first stage, then, more or less rapidly, the 
normal evolution stops and previous acquisitions, 
especially speech, fade away. A severe idiocy devel- 
ops. During the first years, physical development 
is normal and even excessive; later on, moderate 
statural retardation is noted. Among the typical 
features are a voluminous skull with prominent 
frontal bosses and increased orbital ridges; the face 
is enlarged with orbital hypertelorism. The base of 
the nose is flattened, the lips are thick, macroglossia 
is noted. The eyebrows are heavy, meeting on the 
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medial line, and the hair is hirsute with a low im. 
plantation. The appearance resembles Hurler’s dis- 
ease, but the typical gargoyle aspect is not realized. 
There is no lumbar kyphosis, the skin is usually 
thickened, hepatomegaly is frequent, splenomegaly 
rare. Deafness occurs rather frequently. Abnormal 
cells, simi. ar to those in gargoylism, are found in the 
blood (Gesser’s cells) and in the bone marrow (Ви. 
hot's cells). 

Koentgestographically, the skull shows a thickening 
of the vaut at the expense of the diploe and there 
Is an increased density of its base. There is no 
scaphocephaly, as in gargoylism. In the vertebral 
spine, the dorsal and lumbar bodies appear ovoid, 
grossly hexagonal. Sometimes they show a minima! 
anterior sour and a slight flattening. True anterior 
aplasia of one or two vertebrae is not encountered; 
hence, there is no important kyphosis. In the pelvis, 
the iliac wings are short and square. The acetabulum 
is slightly irregular in structure and orientation, it 
is of norma! size and appears too large for the femoral 
heads. The diaphyses of long bones are slightiv 
enlarged, with density sometimes increased. The 
epiphyses are rather small. The metaphysis is not 
everted as in achondroplasia. A discrete obliquity 
of the distal extremity of the radius and cubitus is 
present. Sometimes, a conical deformity of these 
metacarpal extremities is noted; these are massive, 
but do пот show the “sugar-loaf” deformity seen in 
gargoylism, The ribs are sometimes enlarged. These 
roentgenographic features are comparable to those 
of Hurler's disease, but the slight difference noted 
in the pelvis and at the base of the skull should point 
to the correct diagnosis. 

Genetical!y, the mode of transmission is recessive, 
and the percentage of consanguinitv is more than 
2$ per cent in the reported series, 

Biochemical Studies. The urinary output of muco- 
polysaccharides (determined with a modification of 
Di Ferrante and Rich’s method) was around 20 
mg. /liter in 4 patients; it was higher in the others. 
No parallelism has been found between these values 
and the severity of the disease. In polydystrophic 
oligophrenia, the only abnormal fraction corresponds 
to a heparin-sulfate. In Hurler’s disease, in addition 
to the heparin-sulfate, more than two-thirds of 
excreted mucopolysaccharides are chondroitin.sul. 
fate B. In Morquio's disease, the abnormal fraction 
is а kerato-sulfate. In polydystrophic nanism, there 
is exclusive excretion of chondroitin.sulfate B.— 


Н. P. Lévesque, M.D. 


A dorsal hemivertebra means a vertebra in which 
the anterior half of the ossification center in the 
body has failed to develop. A cleft vertebra, having 
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many features in common with dorsal hemivertebra, 
is a bipartite vertebra which is gradually pushed 
backward because of the distribution of pressure at 
that site in the spine and takes on a wedge shape 
with the pointed end foreward. 

In the lateral projection both will show identical 
appearances, i.e. a more or less wedge-shaped body 
with subluxation backward in relation to the adja- 
cent vertebrae. Anteroposterior roentgenograms, 
however, will distinguish which vertebral malfor- 
mation is present. In such a roentgenogram the 
cleft vertebra presents as 2 symmetric triangles on 
each side of the midline with the smallest angle 
facing each other and separated by a gap of varying 
size. lhe cleft vertebra is increased in width as 
compared with adjacent vertebrae and often coexists 
with other vertebral malformations. 

The true dorsal hemivertebrae are most often 
localized at or near the thoracolumbar junction and 
may present as the only deformity or as a link in 
more widespread disease, such as achondroplasia, 
cretinism, or chondrodystrophy. 

Three case reports are presented to emphasize the 
fetarues of dorsal hemivertebrae as well as the dif- 
ferential diagnosis. 

A detailed roentgenographic investigation of un- 
usual vertebral malformations is urged to avoid 
unnecessary treatment, and to advise patients at 
an early stage regarding future occupation.— 
Francis Shea, M.D. 


Harty, МіснАЕІ. The significance of the cal- 
car femorale in femoral neck fractures. Surg., 
Gynec. 69 Obst., Feb. 1965, 720, 340—342. 
(From: Anatomy Department, Graduate 
School of Medicine, University of Penn- 
sylvania, Pa.) 


The author describes the calcar femorale as a thin 
laminated vertical plate of condensed bone which 
is entirely within the medullary canal of a femur. 
It is attached to the thick medial cortex of the 
femoral shaft and laterally extends toward the glu- 
teal tuberosity. Proximally the calcar is continuous 
with the posterior cortex of the neck and distally it 
blends with the postero-medial aspect of the diaphy- 
sis. The author states that the calcar represents the 
persistence and expansion of the epiphyseal plate 
of the lesser trochanter. 

The calcar is found in the anteroposterior projec- 
tion in femoral neck fractures where the shaft has 
rotated externally —Donald 5. Linton, Fr., M.D. 


EMNÉus, H., and Нерзткбм, О. Overgrowth 
following fracture of humerus in children. 
Acta orthop. scandinav., 1964, 57, 51—58, 
(From: Orthopaedic Clinic, Lund, Sweden.) 


It has long been known that the rate of growth of 
a long bone after a fracture is temporarily increased 
if the epiphyseal cartilage is-intact. This has also 
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been observed in osteomyelitis, and it is widely 
accepted that the overgrowth is due to increased 
blood supply to the epiphyseal cartilage. This phe- 
nomenon has been studied in human beings and 
animals, especially in the lower limbs. 

The authors’ study consists of 70 fractures of the 
humerus in which 63 demonstrated overgrowth. 
Twenty-one cases had a 3 year follow-up with re- 
peated measurements; in 16 of these cases the 
increased rate of growth ceased after 18 months, 
and in 4 it continued longer. Only in 1 case was no 
difference found between the rate of growth of frac- 
tured and unfractured bones. The increased rate of 
growth was not found to vary with the level of the 
fracture.— James К. Knapp, M.D. 


Jounson, Lanny L., and Kempson, RICHARD 
L. Epidermoid carcinoma in chronic osteo- 
myelitis: diagnostic problems and manage- 
ment; report of ten cases. 7. Bone & Joint 
Surg. Jan., 1965, 47-4, 133-145. (Address: 
Dr. Johnson, 600 South Kingshighway, St. 
Louis, Mo. 63110.) 


Epithelial proliferation is frequent in sinus tracts 
of chronic osteomyelitis. A benign hyperplastic or 
metaplastic change is most common. This change 
may clinically and histologically simulate a malig- 
nant lesion. Epidermoid carcinoma is a rare compli- 
cation of chronic osteomyelitis. 

Ten patients with chronic osteomyelitis compli- 
cated by epithelial proliferation, arising in sinus 
tracts, were studied to determine the signs, symp- 
toms, and course of this disease. A follow-up of 14-10 
years after the original diagnosis of carcinoma was 
obtained in all the patients by personal communi- 
cation or examination. 

Epidermoid carcinoma has been reported to arise 
most frequently in sinus tracts of chronic osteomye- 
litis involving the tibia. One-half as many cases 
have been described in the femur. Carcinoma has 
developed in chronically draining sinus tracts from 
the calcaneus, metatarsals, skull and metacarpals. 
The patients are usually between 40 and 7o years of 
age when the malignant change occurs. 

Signs and symptoms associated with epidermoid 
carcinoma are some combination of the following: 
an increased discharge or the onset of a foul odor 
from the sinus; increased pain; bleeding; and the 
presence of a mass. Roentgenograms show osseous 
destruction or fractures. Often these signs and symp- 
toms are considered a part of the patient's infection 
and the possibility of carcinomatous change is not 
considered. 

Carcinoma was not suspected clinically in 6 
patients, despite significant symptoms; in $ there 
was a final pathologic diagnosis of cancer, and 2 of 
the tumors metastasized. In each case inadequate 
surgical procedures were performed prior to the 
original diagnosis of a malignant lesion. In all, the 
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definitive procedure was amputation, Postopera- 
tively, enlargement of the inguinal lymph nodes 
aroused suspicion of metastases in 2 patients. A groin 
dissection was performed in both. In 1 patient the 
lymph nodes contained metastatic epidermoid car- 
cinema, 

E ae ds Bad: in i a s are alive and 


The Authors E leve wd patients КМ p И 
pseudoepitheliomatous hyperplasia should be treated 
by amputation for the following reasons: (1) in 
some instances an epidermoid carcinoma will be 
missed because the tumor is so well differentiated 
that a definite histologic diagnosis of carcinoma 
cannot be made; and (2) almost all patients with 
this form of hyperplasia will have extensive osseous 
destruction and a nonfunctional limb. 

Epidermoid carcinoma in chronic osteom velitis 
should be treated with amputation at an adequate 
level for malignant lesions. Inadequate local excision 
or inadequate amputation may result in recrudes- 
cence. Recon lymph nodes should be biopsied at 
the time of amputation. If the lymph node biopsy 
shows metastatic carcinoma, a lymph node dissec. 
tion should be done.—Stephen N. Tager, M.D. 


BLOOD AND LYMPH SYSTEM 
Кате, N. Y., and Tarrow, W. F. T 


[ISSINGTON. 
Two cases of vertebral-basilar aneurysm. 
ak M. 27. 7., Feb. 27, 


1965, 92, 4717474. 
Address: Dr. Tatlow, 3446 Gray Avenue, 


пи Quebec, Canada.) 


Two patients with aneurysms of the vertebral- 
basilar artery are reported. 


The first patient presented with symptoms of 


right hemifacial spasm. After rapid progression of 
symptoms, a vertebral angiography was performed 
and this demonstrated a saccular aneurysm of the 
posterior cerebral artery. 
the vessels in the region, suggesting a space- -оссиру- 
ing lesion, probably due to bleeding. Her condition 
weakened and she died 3 months later. 

The second patient presented with complaints 
of progressive staggering and gradual loss of hearing 
on the left. He had had difficulty of swallowing as 
well as slurring of speech, blurring of i and 
diplopia. Pneumoencephalogr rams showed a mass 
lesion in the region of the pons, xn rene on the 
left. He was given deep roentgen-ray therapy. Six 
months later he was re-admitted with similar com- 
plaints to those before. Pneumoencephalograms 
again showed the mass which now was larger than 
at the first examination. The patient became worse 
and died. At autopsy a large bilocular aneurysm was 
found, producing pressure on the pons. 

T he authors point out that with present methods 

visualization and vertebral angiography the 
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possibility of such lesions should be considered and 
that attempts should be made to demonstrate them 
— George Г. Sackett, Fr., M.D. 


Nanpy, kar IDAs, and Вемк, Снакњез B., Jr. 
Doble superior venae cavae with completely 
paired azygos veins, naz. Rec., Jan., 1965, 
157, 1-10. (From: Department of Anatomy, 
Emory University, Atlanta, Ga.) 


The authors report a case of double venae cavae 
with bilaterally symmetric azygos veins. This was 
noted as 2 incidental finding on a routine autopsy, 

They reviewed the literature and found 216 cases 
of double superior venae cavae and 7 cases of 
double azygos veins previously reported. 

The embryology is discussed.--George L. 


7 7 > M » 13. 


Sac keti, 


Cutappa, S, Сама, G., Luciani, L., and 
SEVERINI, А. Considerations on the restora- 
tion of the lymphatic circulation after pelvic 
lymphadenectomy. Surg., Gynec. 57 Obst., 

Feb., 1965, 720, 323-334. (From: Istituto di 

Radiologia dell’ U niv Peas idi Milano and the 

Divisicne Ginecologica dell'Istituto Nazio- 

nale per lo studio e la cura dei tumori di 

Milano, Milan, Italy.) 


Eighteea patients were studied by direct lymph- 
angiography following total hysteroadnexectomy 
with pelvic lymphadenectomy. The time interval 
following operation varied from several months to 9 
years. Гуо patients had both pre- and postopera- 
tive studies made. 

Two general patterns were observed following 
radical pelvic lymphadenectomy. The first was that 
in which no lymphatics were opacified in the course 
normally seen for the iliac channels. In these there 
was always opacification of a prominent collateral 
pathway. The second type consisted of those in 
which opacifiable Lymph vessels and even lymph 
nodes were still present. Occasionally, these vessels 
became very large, presumably due to increased 
flow. The were invariably reduced in number. 

The deep inguinal lymph nodes were almost 
always gressly enlarged and more numerous than 
normal. In addition, small inter-connecting channels 
were identified between the deep inguinal lymph 
nodes which remained opacified over a prolonged 
period. The vessels of the lower extremities were 
usually normal in appearance but had reduced flow 
as manifested by retention for several days. 

The collateral channels were smaller than normal 
and tended to form plexuses. Anastomoses over the 
pubic and sacral region were commonly visualized. 
Collaterals also ran laterally along the iliac wing 
toward the aortic lymph nodes. These latter chan- 
nels can be indentified occasionally in normal per- 
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sons. The smaller plexuses in the pelvis commonly 
opacified on the delayed lymphangiograms. 

In these patients there was no evidence clinically 
of local tumor recurrence nor of lymphedema. 
Several had had intracavitary irradiation in addi- 
tion to radical surgery. 

The authors discuss the phenomenon of lymph 
vessel regeneration which probably has little bearing 
on the postoperative appearance. Most vessels vis- 
ualized were thought to represent vessels left in 
place or previously existing and not normally opac- 
ifed and, therefore, representing normal collateral 
pathways. The possibility cf lympho-venous con- 
nections is also discussed. 

The article is an excellent technical discussion 
and should be read in the original by those inter- 
ested.— Donald S. Linton, Fr., M.D. 


GENERAL 


Согооноом, J. Intramural gas in hollow vis- 
cera. Clin. Radiol, Jan., 1965, 76, 71-86. 
(From: University Hospitals and Western 
Reserve University, Cleveland, Ohio.) 


Intramural gas in hollow viscera is a rare phenom- 
enon, but it may be recognized roentgenologically. 
The subject is here discussed under the following 
headings: (1) cystic pneumatosis (non-infective); 
(2) interstitial emphysema (non-infective); and 
(3) gas-forming infections (infective). 

(1) Cystic pneumatosis consists of cyst-like collec- 
tions of gas in the walls of the hollow vicsera, in their 
peritoneal attachments and in the retroperitoneal 
tissues. It is most frequently seen in the intestinal 
tract, usually referred to as 'pneumatosis cystoides 
intestinalis’ (Р.С.Т.). It is generally accepted that 
the cysts are distended tissue spaces. The most 
commonly affected regions are the terminal ileum, 
cecum, splenic flexure and descending colon. Etio- 
logically, ulceration alone does not appear to be 
sufficient to cause P.C.I. The association with ob- 
structive lesions suggests that increased intraluminal 
pressure is an important factor in forcing gas into 
or through the mucosa. Cystic pneumatosis of the 
intestine is the most common variety of intramural 
gas. On barium studies the gas cysts are seen closely 
applied to loops of bowel and may indent the lumen 
of the bowel in many places. The cysts become flat- 
tened when the bowel is distended, and assume a 
more spherical shape after evacuation of the enema. 
The cysts often disappear spontaneously. In such 
cases it is possible that a temporary interstitial 
pulmonary emphysema is the cause. Keyting and 
his associates in 1961 presented experimental proof 
that in cases of P.C.I. where no gastrointestinal 
lesion could be found the primarylesion is inter- 
stitial pulmonary emphysema, and that the inter- 
stitial air tracks along the blood vessels to the lung 
root, and then by way of the aortic sheath to the 
mesenteric vessels and bowel wall. Cystic pneuma- 
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tosis of the stomach and of the vagina have been re- 
ported very rarely. 

(2) The term ‘interstitial emphysema’ is restricted 
by the author to those conditions in which gas is 
found in the walls of hollow viscera in non-cystic 
collections and without associated infection by gas- 
forming organisms. These conditions are rare and 
are usually found in the stomach or large bowel. 
Where the stomach is involved, single or double 
linear radiolucent streaks a few millimeters wide 
are seen parallel to the border of the stomach and 
separated from the lumen by a band of water density, 
also a few millimeters wide. In involvement of the 
colon roentgen examination may disclose (a) sharply 
defined linear radiolucent streaks outlining parts 
of the bowel, (b) ill-defined streaks adjacent to the 
bowel in toxic megacolon, or (c) bands of tiny punc- 
tate radiolucencies in the bowel wall associated with 
chronic obstruction. Cystic pneumatosis differs 
from non-infective interstitial emphysema 1n that 
there are wider radiolucent bands with scalloped 
internal margins. 

(3) The micro-organisms capable of producing 
gas most commonly involved in human gas-forming 
infections are Е. coli, Cl. welchii and Aer. aerogenes. 
In emphysematous gastritis, the stomach is con- 
tracted and the gas appears as a group of frothy or 
mottled radiolucencies in the left upper abdomen. 
It is characterized by sudden onset of severe epi- 
gastric pain with abdominal tenderness and rigidity, 
marked prostration, toxemia, high fever and rapid, 
thready pulse. In emphysematous cholecystitis, at 
first gas may be seen only in the gallbladder lumen, 
but later it appears in and adjacent to the gallblad- 
der wall. Emphysematous entero-colitis may be seen 
in which gas in the bowel wall is associated with 
mucosal infection. In the rare condition of gas 
gangrene of the uterus, peritonitis and ileus are 
likely. The uterus is enlarged and contains irregular 
collections of gas. Dark stripes or patches of gas 
may be seen in the uterine wall. Emphysematous 
entero-colitis and gastritis have the worst prognosis, 
emphysematous cholecystitis and gas gangrene of 
the uterus being only slightly less serious. Emphy- 
sematous cystitis is much less dangerous and re- 
sponds quickly to treatment.—Samuel G. Henderson, 
M.D. 


Guapysz, BorEsLAw, and Gorna, НАММА. 
Etude sur la perception du contraste de 
l'image tomographique. (Study of contrast 
perception of the tomographic image.) 7. de 
radiol., d'électrol. et de méd. nucléaire, Aug.— 
Sept., 1964, 45, 469—476. (From: Institut de 
Radiologie de l'Académie de Médecine à 
Poznan, Poland.) 

If the optical features of a tomogram are observed 


with the naked eye or analyzed with a densitometer, 
two different phenomena may be noted: objective 


А A А 
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and subjective contrast. Many obscure and as yet 
unexplained problems are related to these two phe- 
nomena. The present work aims at throwing some 
hght on these problems in relation to tomographic 
images. 

A special method was devised in order to study 
contrast of a roentgenogram and a tomogram from 
the viewpoint of radiologic interpretation. 

Objective contrast was investigated with a micro- 
densitometer which gives constant results that can 
be read on a logarithmic scale. An image element 
corresponds to a field of homogeneous optical den- 
sity, independently of its size and shape. Two ele- 
ments form the detail of an image. The density of 
elements as small as 10 microns can be measured 
with this densitometer. Thus, the objective contrast 
of each point in a tomogram can be expressed in 
numerical values, and this is called local contrast. 

To study subjective contrast, tomographic films 
were submitted to experienced radiologists, who had 
to determine on a previously traced line each contour 
of the image. Then, along the same line, a densitom- 
eter curve was drawn, and in this way it was 
possible to analyze which physical factors of the 
objective contrast corresponded to the perception 
of local subjective contrast. 

In the present stage of their investigation, the 
authors cannot yet reach clear-cut conclusions. 
They ascertained, however, that various types of 
tomographic images are characterized by a particu- 
lar gamut of contrasts. Moreover, when the con. 
trasts of conventional roentgenograms are compared 
to those of tomograms of the same anatomic regions, 
it may be seen that tomograms show a lower gradient 
and narrower contours. The subjective impreve- 
ment of contrasts on the tomograms is based on a 
steeper gradient only in cases where gas contrast or 
artificial opacification is used, Otherwise, good dis- 
cernment and perception of individual details on 
tomograms depend on the particular arrangement 
of local contrasts.—/7. P. Lévesque, M.D. 


BELL, G. R., and Smart, M. J. Zz vivo angiog- 
raphy of the Pacific salmon (oncorhynchus). 
7. Canad. А. Radiologists, Dec., 1964, 75, 
200-210. (From: Fisheries Research Board 
of Canada, Biological Station, Nanaimo, 
British Columbia, Canada.) 


Increasing industrial and domestic pollution of 
our waters have necessitated investigation into the 
effects of pollutants on economically important fish, 
such as the Pacific salmon. 

Modern radiographic methods were utilized to 
investigate the physiology and pathology of the 
Pacific salmon. After anesthetizing the fish by add. 
ing М.5.222 (tricaine methane sulphonate [Sandoz]) 
to their water, a needle was inserted into the dorsal 
aorta through the roof of the mouth. A polyethylene 
tubing, connected to the needle, was attached to a 
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hole driled through the nasal cartilage. The fish 
were allowed to recover from anesthesia and were 
transported to the X-ray office in large containers, 
where arter re-anesthesia 1-4 cc. hypaque was in- 
jected through the tubing in order to demonstrate 
the vascular tree. 

The method is helpful in finding routes of injec- 
tion and sampling to measure blood volume, blood 
pressure, blood lactate hemoglobin, and serum 
enzyme evels. These tests are used in experiments 
designed to study mechanisms of detoxication of 
pollutants.. 7. Carmoney, fr., M.D. 


RADIATION THERAPY 


CiawurELLI, Le. Trattamento radiologico 
dell acromegalia. (Radiologic treatment ol 
acromegaly.) Radiol. med., Dec., 1964, 50, 
1241-1256. (Address: Istituto di Radiologia 
dell Universita, Firenze, [ralv.) 


Between 1945 and 1962 the author treated 4% 
cases of ccromegaly with radiation therapy. Twelve 
were eliminated from this report because of incom- 
plete climical and roentgenologic information. Of 
the remaining 36, 2 were operated on some time 
after the roentgen treatment. 

The technique of irradiation was in 12 patients: 
160 kv., 4 ma., filter 0,56 mm. Cu and 1 mm. Al, 40 
cm. target skin distance, 4 fields (2 temporal, i 
frontal and 1 occipital). In 11 patients the technical 
factors were changed to; 240 kv., jo ma., filter 
Thoreus ct with a half value layer of 2.8 mm. Cu, 
target sk.n distance of 50 cm., 2 opposite temporal 
fields. More recently, 13 cases were treated by 
cobalt бс teletherapy through 2 opposite temporal 
fields with a source skin distance of во cm, The 
tumor dose varied between 5,000 and 8,000 r in one 
or more courses with an average of 700 г weekly, 

The patients were followed up to 16 years, with a 
minimum of 8 months. The majority of cases were 
followed up for more than ¢ years. 

Positive roentgen findings in. the sella. turcica 
were present in 31 cases. The changes were not mod- 
ified by radiation therapy. 

Somatic changes were noted more or less in all 
patients and remained unchanged in 3o patients; 
in 3 cases the improvement was moderate and in 3 
more cases there was a return to an almost normal 
facies. 

Headaches were present in 33 cases, from mini- 
mal to severe. Following radiation therapy, in io 
patients there was no improvement, in 3 the head- 
aches were makerdly reduced in intensity and 
disappeared in the remaining 8 cases. 

Visual disturbances were noted in 24 patients. 
These disappeared in 9 cases, improved in 5 and re- 
mained stationary in 8, while progressing in severity 
in I case. 

Amenorrhea and altered libido were present in 5 
women ard 4 men. At the end of the treatment, 
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there was marked improvement in 2 women with re- 
turn to normal menstrual cycle, while in 3 there was 
only moderate improvement. In only I man was 
there return of the normal libido. 

A few interesting cases are reported in detail. 

Concluding, the author recommends radiation 
therapy as the treatment of choice in acromegaly. 
Surgery should be used in individuals in whom there 
is danger of loss of vision and there is evidence of 
increased intracranial pressure and, when after 
radiation therapy, the disease continues to progress. 
Cobalt therapy should now be adopted because of its 
many advantages over conventional roentgen ther- 
apy. A tumor dose of 3,500 r in 5 to 6 weeks is con- 
sidered satisfactory.—4. F. Gevoni, M.D. 


PEREz-TAMAvo, R., and Kramer, S. Rhabdo- 
myosarcomas of the head and neck in chil- 
dren: place of radiotherapy. Radiol clin., 
1964, 33, 307-318. (From: Division of Radia- 
tion Therapy, Department of Radiology, 
Jefferson Medical College Hospital, Phila- 
delphia, Pa.) 


The literature on the place of radiotherapy in the 
treatment of rhabdomyosarcoma of the head and 
neck is confusing largely because of the failure to 
distinguish between radiosensitivity and radio- 
curability. 

Five cases are presented to show that regressions, 
sometimes spectacular, can occur following even 
modest tumor doses indicating the rather pronounced 
radiosensitivity of rhabdomyosarcoma. However, in 
all but 1 case disseminated metastases and death oc- 
curred soon after therapy proving the lack of ra- 
diocurability of this disease. 

The authors suggest that irradiation followed by 
surgery would be the best form of therapy for 
rhabdomyosarcoma of the head and neck.—Henry 
7. Klos, M.D. 


Vaetu, J. M., and PurceLL, T. К. Radiation 
response of diffuse pleural mesothelioma: a 
case report. Radiol. clin., 1964, 33, 319-327. 
(Address: Dr. Vaeth, Department of Radiol- 
ogy, University of California Medical Center, 
San Francisco, Calif. 94122.) 


Radiation therapy has not been regarded favor- 
ably in the treatment of pleural mesothelioma. On 
the basis of the favorable response to irradiation in 
I case, theauthors suggest that a more vigorous use of 
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this form of treatment is indicated in this uncommon 
neoplasm. 

After subtotal removal of a right pleural meso- 
thelioma in a 24 year old male, a recurrence in the 
right lower thoracic cavity cleared with a midplane 
dose of 6,100 r in 63 days given with a 1 mev. roent- 
gen-ray machine. Later recurrences in the lung and 
supraclavicular region responded to midplane doses 
on the order of 5,000 r given with 250 kv. equipment 
in $2 to $6 days. 

Total survival after surgery was 49 months and 
after the first roentgen therapy, 38 months.—Hemry 
7. Klos, M.D. 


TALBERT, LurHER M., PALUMBO, Leonarp, . 
SHINGLETON, Носн, Bream, C. А. and 
McGee, Joun A. Urologic complications of 
radical hysterectomy for carcinoma of the 
cervix. South. M. F., Jan.; 1965, 59, 11-17. 
(From: Department of Obstetrics and Gyne- . 
cology and Department of Radiology, Uni- 
versity of North Carolina School of Medi- 
cine, Chapel Hill, N. C.) 


The purpose of this paper is to review the changes 
that occur in the urinary tract following radical 
hysterectomy for carcinoma of the cervix. 

Since 1952, 112 radical hysterectomies had been 
done for carcinoma of the cervix at the North 
Carolina Memorial Hospital. Most patients received 
preoperative radium therapy. 

On intravenous pyelography, all patients had 

“considerable dilatation” of the upper urinary tract 
within the first week postoperatively and maximal 
dilatation at 3 weeks. Those who eventually had 
normal urinary tracts were “‘well on the way to a 
normal appearance” by 3 months. A graph is printed 
showing the variation in normals postoperatively 
based on measurement of the circumference of the 
renal pelvis. 

Five patients (4.5 per cent) developed ureteral 
strictures and they all had marked dilatation of the 
upper urinary tract at 3 months. Nine patients (8 
per cent) developed ureteral fistulas, usually de- 
tected 2 weeks postoperatively. Although some hy- 
dronephrosis developed with these fistulas, auto- 
nephrectomy usually occurred before dilatation was 
pronounced. 

Three patients (2.5 per cent) developed vesico- 
vaginal fistulas bringing the total of urologic com- 
plications to 15 рег cent.—Henry 7. Klos, M.D. 
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About 320 pp. about 80 il. In Press. 


UTEROSALPINGOGRAPHY IN GYNE- 
COLOGY: Its Application in Physiological 
and Pathological Conditions by Samuel 
Rozin, Hebrew University-Hadassah Medical 
School, Jerusalem, Israel. About 410 pp. 
(815 x 11), 369 il, 2 tables. In Press 


both of Western Psychiatric MIRARI CN E E е "mE REN Е . : 
AM o 2 fon qo p ic Institute ana Clinic.) MYELOGRAPHY by Vincenzo Valentino. 
All of Pittsburgh, Pa. '65. 168 pp. (815 x 11). Univ. of Naples, Naples, Italy. '65. 292 рр. 


m $0 7&5 
157 1L, $9.75 (815 x 11). 276 il. (3 color plates), $19.50 

| | THE EARLY RAI СА DIAG. — | x | ME fond БИ 

~ NOSIS OF DISEASES OF THE PANCREAS L] MEDICAL X-RAY TECHNIQUE (2nd Ed. 
AND AMPULLA OF VATER: Elective Ex- by G. J. van. der Plaats, 57, Annadal Hosp., 
ploration of the Ampulla of Vater and the Maastricht. The Netherlands. Translated d 
Head of the Pancreas by Hypotonis Duo- Gerald E. Luton, Ein dhover , The Nether- 
denography by Paul dau cis on lands. '65. 508 pp.. 323 il. $14.50 
Faculty of Medicine, Lyon, France; Demingo 
Liotta, Baylor Univ, Houston, Texas; and 
Pierre Mallet-Guy, Lyon Faculty ој Medi- 
cine. Translated. by Lee D. Cady, Baylor, 
Univ. About 230 pp. (7 x 10), about 392 il. 
In Press | Е 


pp. (634 x 934), 893 iL, 12 tables, $29.50 
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Radiologia Clinica 


International Radiological Review 
Redactores: F. BUSCHKE, San Francisco, Cal.; R. SARASIN, Genéve; A. ZUP- 
PINGER, Bern 


One volume of six parts is issued annually and costs U.S. $15.50 (postage included). 


Contents Vol. 33, No. 5 


BUSCHKE, F. (San Francisco, Cal.): Introduction to the New Radiation Therapy 
Section of Radiologia Clinica 

HOHL, K. (St. Gallen): Heutiger Stand der Therapie und Prognose der Lympho- 
granulomatose 

BLOEDORN, Е. С. and WIZENBERG, M. J. (Baltimore, Md.) : Preoperative Irradia- 
tion 

SCHREIBER, A. (Zürich): Spütschaden nach Radiumbehandlung eines gelenknahen 
Hauthámangioms | 

PEREZ-TAMAYO, R. and KRAMER, 5. (Philadelphia, Pa.): Rhabdomyosarcomas 
of the Head and Neck in Children: Place of Radiotherapy 


VAETH, J. M. and PURCELL, T. R. (San Francisco, Cal.) : Radiation Response of 
Diffuse Pleural Mesothelioma: À Case Report 


Contents Vol. 33, No. 6 


Competition 1965 / Dr. HEINZ KARGER Memorial Foundation 

MAURER, H.-J.; SCHREIBER, H. W. und KOCH, W. (Bonn) : Splenoportographie 
und Chirurgie des Pfortaderhochdrucks 

BECKER, H. W. und BECKER, C. (Halle) : Mesotheliome der Pleura im Hóntgenbild 

ROCEK, V.; BENDA, K.; VOLEJNIK, J. und DUSEK, J. (Olomouc): Das rónt- 
genologische Bild der Mukoviscidose (Fibrosis cystica pancreatis) 


LEICHNER-WEIL, S. (Budapest): Das Vorkommen von Schaltknochen an den 
Schadelaufnahmen von Epileptikern 


Ask for specimen copies 


ORDER FORM 
S. Karger AG, Arnold-Bócklin-Strasse 25, Basel (Switzerland) 
Please enter my subscription to RADIOLOGIA CLINICA, Vol. ...... 


To be ordered through your agent or: 
Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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Original radiograph — reproduced upper left— was made on 
Корак BLUE BRAND Medical X-ray Film. 


Copy of original radiograph — reproduced lower right — 
was made on Корак Radiograph Duplicating Film. 





Two Radio graphs 
of the same chest 2 


No—they аге beth copies of the same radiograph— 
made possible by the new KODAK Radiograph Duplicating Film 


How many times have you wanted duplicates 
of a radiograph—and not been able to get them? 
Now you can—with ease and speed—thanks to 
Корак Radiograph Duplicating Film. It lets you 
produce an unlimited number of duplicates of 
excellent quality, for instant use. 

Now you can send same-size, same-tone du- 
plicates of significant radiographs with reports 
to referring physicians. Duplicates can accom- 
pany patients’ records when they move to other 
localities. Duplicates can be used for therapy 
mapping. Duplicates can be invaluable in teach- 


КОРАК Radiograph Duplicating Film can be 
exposed in seconds in a simple printing frame 
Or in automatic exposure equipment. Process 
it right along with other Kodak medical x-ray 
film in а KODAK X-OMAT Processor... ог manu- 
ally with conventional x-ray film processing 
equipment. 

Ask your Kodak X-ray Dealer or Kodak X-ray 
Technical Sales Representative for more infor- 
mation and a demonstration. 


EASTMAN KODAK COMPANY 
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Want to get the sharpest, 
clearest radiographs possible in 
cerebral, aortic, renal and other 

small area angiography ? 


(As well as quick operating room films for 
radium insertions, operative 
cholangiography, and hip nailings) 


Get this. 





The Mepco IV serialograph. 


It never breaks down. 

It never gets jammed. 

It never magnifies. 

It can be used in the operating room or 
the X-Ray Department, with portable 

as well as fixed X-Ray tubes, and with 
Polaroid as well as standard 

10” x 12” cassettes. And it’s economical, 
both in purchase price and use. 

Get the picture ? 








Rockville, Maryland 
Phone (301) 427-3850 


For information, call or write: 
Medical Equipment and Photo Company 
12300 Washington Avenue 


When you need a generator 
doesn't it make sense 

to select a supplier 

whose line of generators 

is broad enough 

to include one 

which fits your needs 
precisely? 


Profexray offers 

a complete line 

of six different generators, 
to satisfy a broad variety 
of radiological needs— 
from the busiest 
radiologist's office 

to the heaviest work loads 
in the largest hospitals. 


from 100 MA to 900 MA 
from 1/30-sec. to 1/360-sec. 
from 100 KVP to 150 KVP 


Profexray, Incorporated 
1401 North First Avenue 
Maywood, Illinois 
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Manuscripts offered for publication and other correspondence relating to the editorial management and 
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the new MEL SL75 offers 
many outstanding advantages- 
here are just some of them 


O X-Rav output 400 rads/minute in air fully 
flattened at roocm. 

O Compact X-Ray head with full facilities 
and all-round control 
18 inch clearance to isocentre. 

O Electron output available. 

O Alternative treatment couch designs. 

O Exocentrically mounted drum for high 
stability and smooth rotation with freedom 
from wear. 


O Steel tude accelerator guide support for 
rigid mouting free from torsional 
deformation. 


О The high efficiency electroformed 
accelerating guide is Ion pumped for high 
vacuum and reliability. 


O Powered by low cost 2MW tuneable 
magnetron. 


О Treatment controls completely separate 
from aecelerator controls. 





This equipment is sold in the USA through 





North American Philips Co Inc 
100 East 42nd Street New York 17 NY 


Write now for details and fully illustrated booklet 


3oth these Norelco tomographic units 
Jo anything any other unit will do... 


E. linear, 


The clearest tomograms of thinnest pos- 
sible layers are provided by the trajectory 
and exceptional length (451cm) of the 
Norelco Polytomes' hypocycloidal move- 
ments. 

Of course, linear, elliptical and circular 
movements, with wide choice of swing 
angle and orientation, are provided for 
examinations where conventional move- 


circular, 


ments are preferred. Zonography (small- 
angle circular tomography), producing cuts 
of several cm thickness, is also possible at 
any angle from 0° to 20°. 

Focus, tomographic layer and film remain 
at fixed mutual distances, thereby preserving 
constant enlargement factors of 1.3, with 
secondary holder for magnification of 1.6. 
Removable Grid: 10:1, 110 lines. 





but only the Norelco units do this 


) h У 3 $ ycloidal 


The Universal Polytome (above, left) tilts, 
permitting tomography in any position from 
horizontal to vertical. Longitudinal tabletop 
movement is provided. Conventional Bucky 
exposures are possible with the Horizontal 
Polytome (above, right), which is equipped 
with a floating tabletop providing a gen- 
erous range of longitudinal and transverse 
travel. Both models are equipped with a 


MANUFACTURED FOR NORELCO BY MASSIOT PHILIPS 


lightbeam positioning device, compression 
band, headclamps, footrest and stool. 

Our systems engineers will be pleased to 
give you detailed information. Write or call 
North American Philips Company, Inc., Pro- 
fessional Products Division, Medical Depart- 
ment, 100 East 42nd Street, New York, N.Y. 
10017. In the Chicago area: 749 Howard 
Street, Evanston, Illinois. 


IN CANADA: PHILIPS ELECTRONIC EQUIPMENT LTD , TORONTO 17, ONTARIO 


Norelco 





omjortable protection ... 
HALSEY FLEXI-PLY 


Lead Vinyl Aprons 








*They flex with ; 
every body movement &. $ t 
because they're made ор 
multiple layers of thin, 
soft, lead vinyl... 





^ 








Broad shoulder and back panels assure optimum weight dis- 
tribution. Note how the tie straps provide snug, easy fit without 
any pull on the shoulders. 

Halsey Flexi-Ply Aprons clean easily, and are exceptionally 
resistant to tearing, cracking, abrasion. 


HALSEY LEAD-RUBBER APRONS 


Available in conventional apron and in coat type; lined or un- 
lined. Conventional type can be had in standard weight (0.5 mm 
lead equivalent), heavy weight (0.75 mm lead equivalent) and Regular (38" long) ........ No. 181-A-R 
light weight (0.35 mm lead equivalent). Coat type is available Long (42" long) ............No. 181-A-L 
in standard and light weights. Extra-long (48" long) .... No. 181-A-XL 
These aprons are all 36" long; extra-long aprons can be 0.25 mm lead equivalent 
supplied on special order. Regular (38" long) No. 180-A-R 
Long (42" long) No. 180-A-L 


FLEXI-PLY APRONS 


0.5 mm lead equivalent 





Write for complete apron listing 
or ask your dealer 


HALSEY X-RAY PRODUCTS, INC. 
1425-37th STREET, BROOKLYN, N.Y. 11218 





another GG FIND EE LI installation 


CINELIX 121/2 


ELECTRO-OPTICAL IMAGE INTENSIFIER 


|| Image e Interchangeable screen • Small light intensifier tube 
e Standard type Image e Engineered to absorb new 


s intensification Orthicon Tube developments economically 


e inexpensive upkeep e Electron-optical magnification 
guaranteed and other features 


anew concept 


providing extremely 


high contrast 
d lution sey Electrocardioscope for superimposing 100mm 

response and reso j 

ei liga e Hum E.K.G. onto the film Spot Film Camera 


available 


For more information contact your local X-Ray supply house or: 


MEDICAL MARKETING DIVISION 


AEROJET DELFT | 27: 


Skyline Drive, Engineers Hill, Plainview, L.l., New York 11803 Odelca P-F Cameras and Accessories 
516 OVerbrook 1-2310 





the ULTIMATE in table design! 
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ULTIMA-105 


HEAVY DUTY 
RADIOGRAPHIC-FLUOROSCOPIC 


X-RAY TABLES 


FOR THE PATIENT: 
the ultimate in comfort 


FOR THE RADIOLOGIST: the ultimate 
in efficiency and convenience...less 
work and less effort to do it! 
























* See your ''Standard'' Dealer or 
write for Descriptive Literature. 


te ie d, 


mem" 


FUNCTIONAL CONVENIENCE: Maximum acces- 
sibility to the table. There's NO FRONT LEG, covered 
up or exposed, to keep the radiologist away from the 
table and spot film device. He can work comfortably 
right up against the inward slope of the table body 
(just 14 inches away from the center) without back- 
breaking bending and strain, resulting in more ease 
and much less effort. 


e Choice of manual, semi-automatic or fully auto- 
matic Spot Film Device. It is quickly, easily “parked” 
out of the way, leaving table top free and clear. Move- 
ment is smooth and light because of the weight-saving 
counterbalance method. Low profile of tower and spot 
film device in ‘‘parked’’ position eliminates inter- 
ference with shock-proof radiographic cables. 


e Table operates on a single fulcrum. Tilts 90° vertical, 
and full 15° Trandelenburg. Automatic horizontal stop 
is standard equipment. Provides coast-free tilting 
from foot switch on base or hand switch on spot device. 
A retractable step for patient's convenience is stand- 
ard. PRU power driven moving table top (op- 
tional). 


• Magnetic locks for all movements of the fluoroscopic 
and spot film staging. Switch control at operator's 
fingertips or automatic operation by the spot device 
action. 


FUNCTIONAL EFFICIENCY: The manually operated 
multiple plane fluoroscopic collimator is the proven 
best method of coning in radiography. It is now adapted 
for fluoroscopy as standard equipment, at no extra 
cost. 


You get the built-in protection of a fluoroscopic col- 
limator, completely enclosed body and automatic 
bucky slot cover at no extra cost. 


FUNCTIONAL BEAUTY: a truly handsome table 
with clean, simple lines that is all new from the 
ground up. No unnecessary gadgets or decoration to 
increase cost or decrease function. It is handsome in a 
dignified way. Smooth surfaces are easy to clean and 
keep clean. Smart two-tone colors: light sand-tone on 
the body to emphasize working area; dark hammer- 
tone on base that continues to look good after years of 
cleaning, spillage or just plain abuse. This table is the 
finest exampe of Standard's more than 50 years of 
experience in the field! 
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LLL X-RAY COMPANY 


1932 N. Burling St., Chicago 14, III. 





For Greatly Improved Scanning 





Delivered 


EVERY 
Monday 


ean ideal scanning agent with easily col- 
limated 140 kev gamma. 


e 6 hour half-life minimizes patient exposure. 


e permits dosage up to 10 me, allowing greatly 
reduced scanning time with any scanner. 


e can be administered orally or by intravenous 
injection. 


e delivered EVERY Monday in NCC Tech- 
neKowtm source generator. 


America's First Commercial 
Supplier of Technetium (Tc 99") 


REFERENCES: 

Harper, P.V., Beck, R., Charleston, D., 
and Lathrop, K.A.: “Optimization 

of a Scanning Method Using Tc99m,'' 
Nucleonics, 22:1, 50-54, 

January 1964. 


Harper, P.V., Lathrop, K.A., and 
Richards, P.: Tc99m as a 
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DIFFERENTIAL LOCALIZATION OF ISOTOPES IN 
IUMORS THROUGH THE USE OF INTRA- 
ARTERIAL HYDROGEN PEROXIDE* 
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NE of the basic radiobiologic concepts 

dealing with the lethality of ionizing 
radiation is concerned with the oxvgen con- 
centration in a tissue at the time of its ex- 
posure to radiation. It has been shown that 
the slope of the radiosensitivity curve in- 
creases steeply as the oxygen concentration 
increases above anoxia, and at high oxygen 
concentration reaches a maximum sensi- 
tivity, which is difficult to exceed by in- 
creasing the amount of oxygen present. Due 
to the innate anoxic character of neoplastic 
tissue and the fact that the greatest in- 
crease of radiosensitivity is seen at the 
lower oxygen levels, the oxygen effect is 
more pronounced 1n some tumor tissue than 
in the corresponding or adjacent normal 
tissue, Therefore, it is probable that the 
radiotherapeutic ratio can be favorably in- 
Huenced bv increasing the oxvgen in the 
region of the tumor. Various groups have 
used hvperbaric oxygen to achieve this re- 


sult in the treatment of malignant tu- 


mors.^? Our group has used intra-arterial 


hvdrogen peroxide in a regional svstem to 
achieve the same result. t5589 It has been 
noted that by adding hydrogen peroxide to 
blood or other biologic fluids, these media 
become “supersaturated” with oxygen and 
carry several atmospheres equivalent total 
oxygen content.® 

Radioisotopes were used by this group 
early in the study of the physiologic effects 
of intra-arterial hydrogen peroxide. It has 
been ooserved that when certain isotopes 
were given intra-arterially following the 
intra-arterial infusion of hydrogen per- 
oxide, the isotope localized preferentially in 
the area of the malignant tumor in the in- 
fused feld.* These studies were extended 
and conducted in rats, using the Walker 
256 carcinosarcoma; in rabbits, using the 
VX-2 carcinoma; and in humans having a 
variety of malignancies. The following is a 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 2g- 
October 2, 1964. From the Charles A. Sammons Research Division, Baylor University Medical Center, Dallas, Texas. 

Supported in part by the Abbott Laboratories, the Putman Estate, Fort Worth, Texas, The Moody Foundation, A.C.S. Grant No, 
T-284, and the U, 5, National Institutes of Health Grant No. CA o7127-o1. 
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preliminary report of the results obtained 
to date. 


ANIMAL EXPERIMENTS 


The animal studies were conducted in 
both rats and rabbits. Fifteen rats received 
liver implants of Walker 256 carcinosar- 
coma. Two groups of rabbits were studied 
using VX-2 carcinoma implants; 10 were 
implanted in the liver and 36 received bi- 
lateral hindlimb implants. In both groups 
of animals receiving hepatic implants, the 
aorta was exposed at the level above the 
renals and below the celiac axis. А PE-zo 
catheter was introduced through a purse- 
string suture and passed retrograde to the 
level of the diaphragm. The animals were 
infused with o.24 per cent hydrogen per- 
oxide in Ionosol-T* (s ml. in the rat and то 
ml. in the rabbit) at the rate of 0.5 to 1.5 
ml./minute. The rats were given 5 uc of 
radioiodinated human serum albumin, the 
rabbits were given 15 uc and the 1sotope 
was flushed through with hydrogen per- 
oxide solution (2 ml. of solution was used 
for the rats and 5 ml. for the rabbits). The 
control groups were exposed to the same 
procedure using Ionosol-T without hydro- 
gen peroxide for the infusion. The animals 
were scanned externally at 24, 48, and 72 
hours. 'They were then sacrificed, the livers 
were removed and sections were taken from 
"normal" liver, liver adjacent to tumor, 
and tumor tissue, and the activity was 
determined in a well-tvpe counter. The 
ratio of isotope in the tumor when com- 
pared to normal tissue was from 2:1 to 
4:1, and the same relative ratio held for 
both rats and rabbits. Animals receiving 
Ionosol-T only with [ labeled human 
serum albumin showed no significant dif- 
ference in isotope concentration between 
normal and malignant tissue. The second 
group of rabbit experiments consisted of 36 
animals bearing bilateral hindlimb im- 
plants of the VX-2 carcinoma. The tumors 
were allowed to reach a size of 4 cm. in 
diameter, at which time the animals were 


* Abbott Laboratories. 
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prepared for aseptic surgery. A midline in- 
cision was made and the aorta was exposed 
approximately 5 cm. above the bifurcation 
of the aorta into the iliacs. A PE-so 
catheter was introduced into the aorta 
through a purse-string suture and passed 
into the right iliac artery. The limb was in- 
fused with 10 ml. of 0.24 per cent hydrogen 
peroxide in Ionosol-T solution at 0.5 to 1.5 
ml./minute followed by 15 uc of radio- 
iodinated human serum albumin, which 
was then flushed through with 5 ml. of 
hydrogen peroxide solution. The catheter 
was then partially withdrawn and passed 
into the left iliac artery and the procedure 
was repeated, using lonosol T instead of 
hydrogen peroxide solution. The catheter 
was removed, the artery repaired and the 
animal closed. Alternate animals were in- 
fused, with alternate legs being infused first 
so that the first animal received hydrogen 
peroxide and iodine first in the right leg, the 
next animal received carrier solution and 
iodine first in the left leg. The results ob- 
tained from the experiments carried out on 
this group showed no significant difference 
with respect to limb infusion sequence. The 
animals were scanned at 24, 48, 72, 96, and 
120 hours following the injection of iso- 
tope and hydrogen peroxide solution. Typi- 
cal scans are shown in Figures 1 and 2. It 
will be noted that the isotope concentrated 
primarily in the right limb (the limb which 
received hydrogen peroxide and isotope). 
Again the ratio of isotope in the tumor as 
compared to normal tissue was from 2:1 to 
4:1. The ratio of isotope in the tumor of 
the hydrogen peroxide infused limb com- 
pared to the tumor in the control infused 
limb was from 1.5:1 to 4:1. 

It was felt that for a more definitive and 
quantitative study of increased isotope up- 
take of malignant tissues under the influ- 
ence of hydrogen peroxide, a more ade- 
quate model system was desirable. For this 
study the Hela S-3 tissue culture cell line 
was chosen. The cells were mixed to a final 
concentration of 2 million cells/ml. in a 
Hanks balanced salt solution containing 25 
units of catalase/ml. Two sets of studies 
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were conducted, one with 1:81 labeled 
human serum albumin, the other with [3- 
(chloromercuri) -2- methoxy propyl] -urea- 
Hg?*, Each series consisted of a controlled 
set with isotope and no hydrogen peroxide 
and an experimental set to which was added 
O.5 per cent hvdrogen peroxide in a 1:10 
final concentration and isotope. It was 
found that approximately 70 per cent more 
I? labeled human serum albumin and 30 
per cent more [3-(chloromercuri)-2-meth- 
oxy propyl]-urea-Hg? were taken up by the 
tumor cells under the influence of hvdro- 
gen peroxide than the tumor cells with no 
hydrogen peroxide (control). These are 
preliminary results from the svstem using 
tissue culture cells as the model but seem 
sufficiently indicative to mention in this 
publication. 


STUDIES IN HUMANS 


The diagnostic potential using this pro- 
cedure has been explored on a preliminary 
basis in humans with known malignancies 
who were being treated with hydrogen 
peroxide intra-arterially and external ir- 
radiation or chemotherapy. To date, 4o 
patients have been investigated with satis- 
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Fic. т. External photoscan of rabbit £360 bearing 
identical bilateral hindlimb VX-2 carcinomas. The 
right tumor area was infused intra-arterially with 
hydrogen peroxide and ['* labeled human serum 
albumin. The left tumor area was infused intra- 
arterially with carrier solution and isotope. The 
animal was scanned 24 hours after the infusion. 
Note the increased isotope uptake in the right 
tumor area. 


Differential Localization of Isotopes 


Fic. 2. External photoscan of rabbit #340 taken -2 
hours after treatment identical with animal #360. 


factory results. Figures 3 and 4 are repre- 
sentative of the results obtained. This indi- 
vidual had an adenocarcinoma of the pan- 
creas. Figure 3 is a scan taken following the 
intra-arterial infusion of 200 cc. of Ionosol- 
T, 250 uc of I?! which was flushed through 
with 5o cc. of Ionosol-T. It will be noted 
that no localization of isotope occurred. 
Figure 4 shows the same patient, this time 
after being infused with 200 cc. of 0.48 per 
cent hydrogen peroxide in Ionosol-T, 250 
uc of P* labeled human serum albumin, 
and flushed through with со cc. of the 
peroxide solution. In this scan the tumor 
is easily visualized. Further data on this 
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Fic. 5. Photoscan of patient T. T. (carcinoma of the 
pancreas) taken after the intra-arterial infusion of 
Г! labeled human serum albumin and Ionosol-T. 
The scan was repeated at 24 hours without change. 
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Fic. 4. Photoscan of patient T. T. taken 48 hours 
after the intra-arterial infusion of 0.48 per cent 
hydrogen peroxide and I"! labeled human serum 
albumin. Note the concentration of the isotope in 
the pancreas. 


technique can be found in the article which 
follows. The case is used here simply to 
demonstrate the increased uptake of isotope 
under the influence of intra-arterial hydro- 
gen peroxide. 

In a number of cases, tissue sections have 
been obtained in 1 to 4 days following the 
scan procedure and autoradiographs were 
prepared. The sections were taken from 
biopsy or surgical specimens. Frozen sec- 
tions were placed on chrome alum coated 
slides, stripped with Kodak AR-1o film, 
placed in a light-tight container and al- 
lowed to develop. Figures 5 through 10 
are autoradiographs obtained in this fash- 
ion. Figures 5 and 6 show sections taken 
from a primary carcinoma of the breast 
metastatic to the brain. The patient was 
scanned using the hydrogen peroxide-|3- 
(chloromercuri)-2-methoxy propyl] ]-urea- 
Hg? procedure as described before and 
went to surgery the following day, at which 
time the tissue was obtained for the auto- 
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Fic. 5. Autoradiograph of tissue taken from а pa- 
tient following a brain scan with hydrogen 
peroxide and [3-(chloromercuri)-2-methoxypro- 
pyl]-urea-Hg?9 for diagnosis and localization of a 
brain lesion metastatic from a primary carcinoma 
of the breast. 


radiographs. As can be seen, there is a 
heavy concentration of isotope over both 
the nucleus and cell membranes. 

Figures 7 and 8 are autoradiographs pre- 
pared from a glioblastoma multiforme, 
Grade ту, taken 2 days following a hydro- 
gen peroxide-[3- (chloromercuri)-2-meth- 
oxypropyl|-urea-Hg?? scan conducted in 
the above fashion. Again, it will be noted 
that there is a relatively heavy concentra- 
tion of isotope in the area of the nucleus 
and cell membrane. Figures 9 and 10 are 
autoradiographs prepared from tissue ob- 
tained from a, patient with an invasive 





Fic. 6. Another field of the same tissue 
as shown in Figure 5. 
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Fig. 7. Autoradiograph prepared from a glioblastoma 
multiforme, Grade Iv, taken 2 days following a 
hydrogen peroxide-[3-(chloromercuri)-2-methoxy- 
propyl|-urea Hg?" scan. 


squamous cell carcinoma of the cervix 1 
day following a hydrogen peroxide-I?! 
labeled human serum albumin scan con- 
ducted as previouslv mentioned. It will be 
noted in these figures that the concentra- 
tion of the isotope in the tumor area is 
characterized by predominant concentra- 
tion in the area of the cell wall and very 
little concentration of isotope in the area 
over the nucleus. In Figure 9 it will be 
noted that very little isotope is associated 
with the fibrous tissue in this photomicro- 
graph. 

Autoradiographs prepared from the Hela 
cell isotope experiment demonstrate quite 
a similar phenomenon relative to the dis- 





Fic. 8. Another view of the same tissue 
as shown in Figure 7. 





Гс. 9. Autoradiograph prepared from tissue ob- 
tained from a patient with an invasive squamous 
cell carcinoma of the cervix 1 day following a 
hydrogen peroxide-I?! labeled human serum al- 
bumin scan. Very little isotope is associated with 
the fibrous tissue. 


tribution of the I?! labeled human serum 
albumin and the [3-(chloromercuri)-2-me- 
thoxypropy] |-urea-Hg?”. [t is of interest to 
note that the cells in the heavy isotope 
concentrated area are Іп various stages of 
degeneration. 

The mechanisms for the isotope localiza- 
tion are still for the most part matters of 
speculation. Studies are in progress to de- 
fine more clearly the physiology and bio- 
chemistry involved. 


SUMMARY 


It has been shown that both I?! labeled 





Гіс. то. Another field of the same tissue 
as shown in Figure 9. 
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human serum albumin and [3-(chloromer- 
curi)-2-methoxy propy]]-urea~-Hg?™ will lo- 
calize preferentially in the area of malig- 
nant tumor tissue when given intra- 
arterially during the intra-arterial infusion 
of dilute hydrogen peroxide in either tumor 
bearing animals or human beings. Auto- 
radiographic data indicate the intracellular 
geographic distribution of the isotope. It is 
our opinion at this time that much further 
investigation 18 necessary, but that there 
is potential applicability in both diagnosis 
and treatment of malignant tumors. 


James W. Finney 

Charles A. Sammons Research Division 
Baylor University Medical Center 
Dallas, Texas 
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. B. Jay, Mr. H. Pingree, Miss G. Davis, 
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DIFFERENTIAL LOCALIZATION OF ISOTOPES IN 
TUMORS THROUGH THE USE OF INTRA- 
ARTERIAL HYDROGEN PEROXIDE* 





CLINICAL 


By К. E. COLLIER, M.D., G. 


M.D., J. W. TOMME, M.D, J. E. 


HE use of increased oxygenization to 
enhance the effect of radiation therapy 
has been well established. This has been 
done either by use of a hyperbaric oxygen 
chamber or with the intra-arterial infusion 
of hydrogen peroxide with a resulting 
supersaturation of the tissues and the 
achievement of several atmospheres equiva- 
lent total oxygen content in the blood and 
other biologic fluids.® This latter technique 
has been used by us for enhancement of 
radiation therapy in the treatment of 
malignant disease.?7* During the biologic 
studies involved in this work, it became 
apparent that certain isotopes S wen given 
intra-arterially after the intra-arterial in- 
fusion of hvdrogen peroxide would locate 
preferentially in the malignant tumor being 
infused.* This is discussed in the preceding 
article. The present part deals with the 
clinical application of the hvperoxvgeniza- 
tion intra-arterial isotope technique. 
In the past, the localization of tumor has 
been limited to uptake of radioactive iodine 
n ui id E ca T noma, 


a” cold" area in an organ ИА ud 
bv using an appropriate isotope. 

The technique to be described here 
represents a departure from the scan with 
inference of tumor bv detection of cold 
spot. Instead, the tumor is caused to con- 
centrate the isotope and becomes a "hot" 
spot, as is seen in the uptake of radioactive 
iodine by thyroid carcinoma or the detec- 


* Presented at the Sixty-fifth Annual Meeting of 


October 2, 1964. 
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tion of brain neoplasms by using mercury 
203. 

We think the uptake in the tumor is 
caused by an altered cell permeability 
secondary to supersaturation with oxygen 
of the blood supplving the area. This latter 
is achieved by the intra-arterial infusion of 
hydrogen peroxide through a catheter that 
has been properly positioned to bathe the 
area with the super-oxygenated blood. 

The technique of placement of the intra- 
arterial catheter for hydrogen peroxide in- 
fusion aas been described by Balla ef al? 
The cazàeter 1s inserted either surgically or 
through a percutaneous puncture using a 
Cournard needle. The catheter is placed in 
the abcominal aorta via the femoral artery 
with the tip in the mid-thoracic aorta for 
abdominal and pelvic scans. For head and 
neck scans the catheter is inserted in the 
соттол carotid artery; 250 cc. of a con- 
centration of either 0.24 or 0.48 hydrogen 
peroxide in Ionosol-T* is infused in about 
30 to 45 minutes. During the last со сс. 
uc of radioiodinated human serum al bu- 
min is injected directly into the infusion 
tubing, and then flushed in with the re- 
maining hydrogen peroxide lonosol- T solu- 
tion. Concentration of radioactive iodine 
in the thyroid is blocked by the use of 
Lugol's solution the day prior and for 2 to 


са 


* Abbott Laboratories. Sterile, pyrogen-free electrolyte replace- 
ment solution containing dextrose, sodium chloride, sodium lac- 
tate anhydrous monosodium phosphate, potassium chloride and 
sodium bisuifite in water. 


the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 
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TABLE ] 
LESIONS STUDIED 


со 


Squamous cell carcinoma of cervix 

Metastatic adenocarcinoma of colon 

Undifferentiated adenocarcinoma of stomach 

Squamous cell carcinoma of pharynx, hard 
palate, antrum 

Papillary follicular carcinoma of thyroid 

Pulmonary metastasis, adenocarcinoma 

Adenocarcinoma of pancreas 

Adrenal cortical carcinoma 

Transitional cell carcinoma of bladder 

Liposarcoma 

Carcinoma of ureter 

Diffuse abdominal carcinomatosis, probable 
origin in ovary 

Leiomyosarcoma of uterus 

Fibrosarcoma 

Rhabdomyosarcoma 

Hepatoma 
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3 days after infusion. Patients have been 
scanned at 24, 48 and 72 hours. 

Various types of tumors have been 
scanned (Table 1). These range from 
adenocarcinoma of the gastrointestinal 
tract, squamous cell carcinoma of the cer- 
vix to soft tissue sarcomas. Table m is a 
summary of the results. All cases were 
proven pathologically. In most cases the 
extent of the tumor had been determined 
previously by surgical exploration before 
the scans were made. A total of 37 cases 
has been scanned. There have been 3 nega- 
tive scans, 3 questionably positive scans 
and 1 scan which was apparently false- 


TABLE II 


SUMMARY OF SCANNING RESULTS 


РОЗИ ла dass ои eee: 30 
Questionably Positive.............. 3 
2—pancreas 
1—antrum 
Negative 3 
I—thyroid 
2—pulmonary metastasis 
False Роѕібуе..................... I 


Rhabdomyosarcoma; pelvic lymph 
nodes negative at surgery but scan 
interpreted as positive. Primary le- 
sion in thigh was positive on scan 


Collier et al. 


AuGUsT, 1965 


positive for metastatic tumor in the pelvis 
but was positive for primary rhabdomyo- 
sarcoma in the thigh. There has been a 
total of 31 positive scans including this 
latter case. 

The negative scans were cases of a meta- 
static carcinoma of the thyroid, pulmonary 
metastasis from an adenocarcinoma and 1 
case with a pleural effusion due to adeno- 
carcinoma. The pathologist thought that 
its origin might have been the ovary but a 
pelvic scan was completely negative. Clin- 
ically, there was nothing palpable in the 
pelvis. The patient with the negative scan 
ànd recurrent carcinoma of the thyroid 
had tumor in the right lower cervical chain 
and supraclavicular lymph nodes. This 
carcinoma of the thyroid had been treated 
by several surgical procedures and mul- 
tiple doses of radioactive iodine and radia- 
tion therapy and at the time the patient 
was scanned there was no longer concen- 
tration of radioactive iodine in the tumor. 
The localization of the catheter was checked 
with fluorescein, but only a poor fluores- 
cence was obtained and it was thought that 
the failure of the isotope localization in this 
instance was due to inadequacy of the 
blood supply to the tumor with the result- 
ing inability to get the super-oxygenated 
blood and isotope into the area. We have 
been unsuccessful in demonstrating uptake 
in pulmonary lesions. The catheters have 
been placed in the thoracic aorta and pre- 
sumably there has been not enough blood 
supply to the area from the bronchial 
arteries to get sufficient oxygenization and 
isotope concentration. 

The questionable positive cases were an 
adenocarcinoma of the pancreas, a diffuse 
adenocarcinoma of the abdomen with the 
primary site in the ovary and a squamous 
cell carcinoma of the maxillary antrum. 
These cases were called questionably posi- 
tive because they were not as clear-cut as 
some of the other cases. It was felt that 
there was some concentration of the iso- 
tope in the tumors involved but the com- 
plete dense outline that is generally seen 
was not present. 
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Fic. 1. Recurrent squamous cell carcinoma 
of the cervix. 


MATERIAL 


ligure I 1s a typical example of a good 
tumor outline or localization. This patient 
had a recurrent carcinoma of the cervix 
following previous treatment with radia- 
tion. The tumor concentration is apparent 
in the midportion of the pelvis supra- 
pubicly. This was not the urinary bladder 
or radioactive urine as a urine specimen 
was checked after the scanning procedure 
and was found to be nonradioactive. In ad- 
dition, the patient was rescanned after 
voiding and the configuration and localiza- 
tion of the activity was the same. 

Figure 2 is a typical radioactive iodine 
rose bengal scan of a patient with meta- 
static carcinoma of the colon involving the 
liver. A large "cold" area involving the 
inferior margin of the liver was noted. This 
was palpable clinically and extended to the 
umbilicus. Figure 3 1s the intra-arterial 
hydrogen peroxide and radioiodinated hu- 
man serum albumin scan showing concen- 
tration of the isotope in the metastasis; the 
extent and localization of the metastatic 
lesion are readily visualized. 
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Fic. 2. Radioactive rose bengal liver scan of a 
metastatic carcinoma of the colon. 


Figure 44 shows concentration of the 
isotope in a leiomyosarcoma of the uterus at 
48 hours after infusion of hvdrogen per- 
oxide and'isotope. Figure 48 shows the 
same patient scanned 6 days later with 
persistent tumor concentration and local- 
ization of the isotope. 

Figure 54 is a scan of a patient with a 
liposarcoma involving the thigh. Figure 5B 
was made at 7 days and still shows good 
outline of the tumor. This patient had a 
benign lipoma inferior to the liposarcoma 
and there was no evidence of uptake over 
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Fic. 3. Scan of same patient as in Figure 2 using 
hydrogen peroxide radioiodinated human serum 
albumin. 
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domen could be due to metastatic lymph 
nodes. Figure 78 is a scan at 72 hours and 
there is beginning decrease of the radio- 
activity in the upper abdomen. By 96 hours 
(Fig. 7C) the differential is sufficient to rule 
out upper abdominal tumor while the pel- 
vic lesion 15 still visible. Figure 84 shows a 
carcinoma of the pancreas at 24 hours; Fig- 
ure 85 at бо hours. The latter shows scanty 
but definite uptake in the tumor while the 
liver and other tissues are washed out and 
are no longer visible. The scans of the up- 
per abdomen have shown enough back- 
ground activity that unless an area persists 
on the late scan it should not be considered 
positive. Scans have also shown outlines of 
multiple areas of involvement. Figure 9 
shows a patient with a recurrent fibro- 





os . sarcoma of the thigh. The primary tumor 
пе: e: om, de ai ele itself is well-outlined but in addition meta- 
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Fic. 4. (4) Leiomyosarcoma of the uterus. (В) Same — tS AE - A trim 
А , . = е á .. == > сања . 
patient 6 days later, persistent tumor concentra- -- - dra ^ = am. -- 3! 
. ER E AI s = -— — о s H 
tion of isotope. e ~“ e ——— a» ә 
-— èr c ^o -o — 
this lesion. This was the only benign tumor с 
we have been able to study. 
Figure 64 shows a patient with a recur- 2 
| | 5 : CAR *- 2. " „ © 
rent carcinoma of the cervix. The tumor Ty Ту” РА 
can be seen in the pelvis but the radio- | 5 ANTES. у 
activity above the umbil:cus is quite heavy а нне, 
and may represent tumor localization also. 5 nal 
However, at 48 hours (Fig. 68) this 1s ~ да ан 
beginning to diminish while the pelvic | pe - xo 
tumor remains the same and is more easily д “гт 
a B | 
visible. ! < 


Figure 74 is a 24 hour scan of a patient 
with recurrent carcinoma of the cervix. The рус, 5. (4) Liposarcoma of thigh. (8) Same patient 
amount of radioactivity in the upper ab- у days later showing persistent outline of tumor. 
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(4) Recurrent carcinoma of the cervix, 


Fic. 6. 
question of localization in tumor above umbilicus. 
(B) Only pelvic tumor seen; area above umbilicus 
Is not neoplasm. 


clinically and the patient's subsequent 
therapy could be better planned in view of 
the scan. 

Figure 10 shows a recurrent extensive 
carcinoma of the bladder. A collection of 
radioactivity in the lower left corner of the 
scan 1s due to some leakage of the isotope 
around the injection site. This can occur 
especially if the injection is done percutan- 
eously. However, the area of concentration 
on the right corresponds to bone metas- 
tasis involving the ischial tuberosity as 


Differential Localization cf Isotopes 793 


was seen on the pelvic roentgenogram. 

Figure 114 1s a scan of the pelvis and 
lower abdomen in a patient with extensive 
carcinoma of the ovary. She had completed 
a course of combined radiation therapy 
and chemotherapy. Pretreatment scans 
were not made. Following the scanning pro- 
cedure, the patient was re-explored with 
the hope of resection but was still found to 
be inoperable. A specimen for biopsy was 
removed from the omentum and the scan 
of the removed tissue (Fig. 114, insert) 
shows concentration of the isotope in the 
tumor area. A subsequent scan 4 months 
later (Fig. 118) shows persistence of the 
pelvic carcinoma with extension to the right 
paracclic gutter. In addition, tumor can 
be seen just inferior to the umbilicus. 

Figure 12 1s a scan superimposed on the 
roentgenogram of a patient with recurrent 
carcinoma of the cervix. The patient had 
been explored and clips were placed around 
the lesion to outline it. The localization of 
radioactivity on the scan correlates quite 
well with the findings on the roentgeno- 
gram. Figure 13/7 1s a scan of a rhabdomyo- 
sarcoma of the thigh. Although the localiza- 
tion Is spotty, the scan is positive. Figure 
13 В shows the pelvic scan at 48 hours. We 
interpreted this as a positive scan showing 
tumor in lymph nodes since the spotty 
uptake simulated the appearance in the 
tumor. This patient was explored and 
multiple pelvic lymph nodes were removed. 
These. however, showed only reactive 
hvperplasia. Unfortunatelv, the tissue was 
fixed before we could obtain radioauto- 
graphs to determine if localization of the 
radioactivity of the isotope in these lymph 
nodes was actually present. This was the 
one false-positive scan mentioned earlier. 

DISCUSSION 

The main prerequisite for tumor concen- 
tration 1s an adequate blood supplv as 
demonstrated by the one true negative 
scan of the thyroid carcinoma, the blood 
supplv of which had been compromised bv 
previcus therapeutic procedures. The more 
vascular tumor will obviously concentrate 


the isotope better while the less vascular 
ones may show a spottv uptake, as 1s seen 
in Figure 134. 

We have found that 48 to 72 hours is the 
best time for scanning. After 72 hours there 
is usually re-entry of the 1sotope into the 
general circulation. However, as shown in 
Figures 48 and 55, persistent concentra- 


tlon in tumor does occur. Since the time of 


scanning is not critical, scans in multiple 
projections can be made to better demon- 
strate the extent of the malignant tumor. 

By doing 48 hour and 72 hour scans, we 
have been able to differentiate tumor con- 
centration from radioactivity due to cir- 
culating isotope. Since the isotope remains 
in the tumor for at least 72 hours, the tumor 
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lic. 7. (4) Recurrent carcinoma of the cer- 
vix. (B) Same patient at 72 hours show- 
ing decrease in radioactivity in the upper 
abdomen. (C) At 96 hours, upper ab- 
dominal tumor can be ruled out while 
pelvic lesion is still visible. 


remains visible on the scans while the cir- 
culating isotope is diminished, thus the 
outline of the tumor is more easily seen. 
This is demonstrated in Figures 6, 4 and 
ВЕЋ a, Bend Cy and 8,.7-and b: 

In general, all cases discussed represent 
extensive recurrent or extensive primary 
malignant neoplasm. However, the tech- 
nique of oxygen enhanced isotope tumor 
localization is applicable to the early 
cancer patient. It is possible to accurately 
outline the extent of a malignant neoplasm 
and to detect the presence of clinically un- 
suspected metastasis. The subsequent ther- 
apy can then be more correctly prescribed. 
This is demonstrated by the case in Fig- 
ure 9. The presence of pelvic metastases 
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Fic. 8. (4) Carcinoma of the pancreas at 24 hours. 
(B) Scan at 60 hours showing residual concen- 
tration in tumor. 
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Fic. 10. Extensive recurrent carcinoma of the bladder 
with metastasis in the right ischium. 


M 

Fic. 11. (4) Extensive carcinoma of the ovary. In- 

sert. Scan of a biopsy specimen removed after 4 

was made. (B) Four months later showing per- 

sistence of pelvic carcinoma with extension to 
right paracolic gutter. 
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Ето. 9. Recurrent fibrosarcoma of the thigh with 
metastasis in the left iliac lymph node chain. 
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Fic. 12. Recurrent carcinoma of the cervix. 
The clips outline the lesion surgically. 


was unsuspected and their demonstration 
on the scan spared the patient an inade- 
quate surgical procedure which had been 
planned previously. The one benign tumor 
scanned, a lipoma, did not concentrate 
the isotope while the adjacent liposarcoma 
did (Fig. 5, 4 and B). We have not 
scanned any other benign tumors but, if 
this differentiation persists, the technique 
will be an extremely useful diagnostic 
method, especially in the area of ovarian 
tumors where the present means of diag- 
nosis are poor. 

We have also been successful in utilizing 
this technique in the localization of brain 
tumors. Since the timing of the scan is not 
critical and the radiation dose to the body, 
especially to the kidneys, is quite small as 
compared to the mercury compounds, this 
technique may be exceedingly useful. 

The technique also opens up an avenue 
of studying cellular metabolism. Labeled 
compounds can be deposited in the cell 
and then their subsequent metabolic path- 
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way and fate can be studied. This might be 
applicable especially in the study of labeled 
chemotherapeutic agents. 

This technique of oxygen potentiation of 
Isotope tumor concentration also has thera- 
peutic possibilities. Due to the differential 
concentration of the 1sotope in the tumor, 
it should be possible to deliver enough 
radiation to the tumor to destroy it as one 
does thyroid cancer with radioactive iodine. 
Various 1sotopes and isotope labeled com- 
pounds are now being considered for this 
by our group and a pilot study is being 
outlined. 


SUMMARY 


I. A new technique of tumor localization 
with intra-arterial injection of hvdrogen 


a 


Fic. 13. (4) Rhabdomyosarcoma of thigh. (8) 
Pelvic scan interpreted as positive but lymph 
nodes were negative at surgical exploration. 
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peroxide and radioiodinated serum albumin 
has been described. 

2. The time of the scan is not critical. 
The best tumor outline is obtained at 48 
and 72 hours. 

3. Thirty-seven cases have been scanned 
as a pilot study. There were 30 positive 
scans, 3 questionablv positive scans, 3 
negative scans and 1 false-positive scan. 

4. Various pathologic types of tumors 
have been demonstrated including sar- 
comas, adenocarcinomas and squamous cell 
carcinomas. There does not seem to be anv 
specificity as regard to cell tvpe and the 
ability to concentrate the isotope in the 
tumor with the technique described. 

5. The technique is of value in outlining 
tumor size and extent of involvement so 
that proper therapy can be planned. 

6. It can be used to follow the results of 
therapy such as radiation or chemotherapy. 

7. The possibilities of the application of 
the technique in the treatment of malignant 
tumors and the studv of the cellular 
metabolism have been considered. 


К. E. Collier, M.D. 

Charles A. Sammons Research Division 
Baylor University Medical Center 
Dallas, Texas 
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SULFUR 35 STUDIES IN HUMAN CHONDROSARCOMA* 
By J. ROBERT ANDREWS} and PAUL HOLLAND} 


WASHINGTON, D. C. 


І A previously published, detailed study 
of a single case of inoperable human 
chondrosarcoma, we were able to show that 
radioactive sulfur 35 1s deposited in rela- 
tively high concentration in viable zones of 
human chondrosarcoma, that it is retained 
there for an extended period of time, that 
hematologic depression is the limiting 
factor in the amount of S9 which may be 
administered, and that the radiation dose 
in the chondrosarcoma from the beta radia- 
tion of S* may be as great as several thou- 
sand or more rads for the amount of 5%, 
administered intravenously, which is toler- 
ated.’ This study suggested that the admin- 
istration of large doses of S** might be 
beneficial, in terms of tumor growth re- 
straint, in the management of patients with 
inoperable chondrosarcoma and it was 
decided, therefore, to extend the study to a 
group of such patients. The present report 
is, then, a review of our experience with Io 
patients with inoperable chondrosarcomas. 

The patients selected for study had 
histologically verified chondrosarcomas and 
were judged to be inoperable by both the 
referring physicians and the Surgery 
Branch of the National Cancer Institute. 
Several of the patients in whom it was 
feasible to perform multiple biopsies were 
given tracer doses (то mc) of S* so that 
radiochemical and radiation dosimetric 
studies could be made of specimens of 
urine, blood, and selected tissues (chondro- 
sarcoma, rib cartilage, or skin). 

The S% was administered as carrier-free 
sulfate, H;SO,, in HCl and NaCl solution 
adjusted to a pH of 4.5 to 5.5. Pyrogen and 
sterility tests were performed on all doses 
and there were no immediate reactions 


following the S* administration. The meth- 
ods for the dosimetric assay of the biologic 
materials were described in the previously 
published study.’ In several instances the 
uptake of 5% in tumor and normal tissues 
was monitored and its disappearance fol- 
lowed by measuring the Bremsstrahlung 
with a standard scintillation crystal and 
rate-meter placed externally over the sites 
of interest. In those instances where exter- 
nal beam radiotherapy was applied in 
addition to the S55 this was administered 
by means of a 2 mev. Van de Graaff x-ray 
machine. 

The influence of autologous bone marrow 
transfusion on the rate of hematologic 
recovery was studied in 6 patients. In these 
instances, bone marrow was removed from 
each patient by multiple aspirations, per- 
formed under general anesthesia, from sites 
not involved by chondrosarcoma. The 
marrow so collected was diluted with an 
equal volume of heparinized (10 u/ml.) 
tissue culture medium, NCTC 109," and 
stored at 4? C. in plastic bags which, in turn 
were wrapped in aluminum foil. Immedi- 
ately prior to replacement by intravenous 
administration, the marrow suspension was 
warmed to 37? C. Cell counts were made at 
the time of marrow withdrawal and again 
at reinfusion. At the time of reinfusion, 
eosin dye exclusion and cell division in 
tissue culture medium tests were performed 
and 75 per cent to 85 per cent of the cells 
were found to be viable.1 

* Mc Отпин, №. T., Evans, V. G., and Елвље, W. R. The 
adaptation of additional lines of NCTC Clone 929 (Strain L) cells 


to chemically-defined, protein-free medium. 7. Nat. Cancer Insi., 
1957, 79, 885—907. 

t We are indebted to the Tissue Bank of the National Naval 
Medical Center for these studies and for many of the bone marrow 
collection, storage, and processing procedures. 


* From the Radiation Branch, National Cancer Institute, and the Clinical Center Blood Bank, National Institutes of Health, United 
States Public Health Service, Department of Health, Education, and Welfare. 
t Professor of Radiology and Director of Radiotherapy, Georgetown University Medical Center, erstwhile Chief, Radiation Branch, 


National Cancer Institute. 


t Staff Physician, Clinical Center Blood Bank, National Institutes of Health. 
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The response of patients to either S? 
therapy or combined S? and x-ray therapy 
was determined bv judgment as to whether 
or not there had been a change in the an- 
ticipated course of the disease rather than 
by measurable parameters. Ín no instance 
was there considered to be a deleterious ef- 
fect save for the temporary depression of 
hematopoiesis. 

The case report summaries of these 10 
patients are presented below. Where ap- 
propriate for the stressing of certain fea- 
tures of this study, these reports have been 
expanded in detail. 


CASE REPORT SUMMARIES 
Case т. J.B. Dr-r5-15.* This c 


ported in dul in the original study.’ 


Case Was Te- 


Case 2. F.U. од-60-11. This 48 year old 
Negro male fractured his left n at the age of 
40; pain commenced 4 years later. Shortly 
thereafter, he had an internal fixation of an un- 
united fracture, One year later and 3 years 
prior to admission he was reoperated upon for 
nonunion; a biopsy revealed chondrosarcoma 
and a left hemipelvectomy was performed. 
Three months prior to admission, pain com- 
menced in the left lower quadrant and roent- 


genographic examination showed invasion of 


the left ilium and sacrum. Physical examina- 
tion revealed a diffuse, firm mass in the left 
lower quadrant extending to the hemipelvec- 
tomy scar. 

Bone marrow containing 3X10° nucleated 
cells was removed and immediately following 
this procedure 5оо mc of 5% was given intra- 
arterially bv retrograde catheter in the lower 
thoracic aorta. In the next 3 days midplane 
tumor exposures of 2,000 r, total, of 2 mev. x- 
rays were given through large fields and on the 
fourth dav following marrow aspiration the 
marrow was replaced intravenously. Twelve 
davs later 1,500 ml. of fluid drained spon- 
taneously from the massive tumor. There was 
some decrease in pain but the condition of the 
patient remained essentially unchanged until 
13 months later when he died as a result of un- 
controlled tumor. It was concluded that this 
patient was not benefited. 


* These numbers are the Clinical Center admissions and case 
records numbers. 
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Case 3. B.C. 02-16-11. This 82 year old 
Caucasian male was struck by a plow at the 
age of 22, receiving multiple fractures of his 
right rib cage. He developed a small, nontender 
mass on his right chest which was asymptomat- 
ic until 5 years prior to admission when it 
suddenly increased in size. It was partially 
remov ed 3 3 times and was determined to be a 
c londrosareonia. 

Physical examination revealed a 4X6 cm. 
irregular mass in the right upper anterior 
rib cage together with swelling and induration 
of the shoulder. Roentgenographic examination 
of the crest showed contiguous and adjacent 
intrathoracic lesions, 

An initial dose of 387.7 тс of 59 was ad- 
ministered intravenously with an additional 
dose of 334.8 mc 65 days later. Small incre- 
ments of exposure of 2 mev. x-rays to a total 
exposure of 3,000 r were given in the interval. 
The tumor remained stabilized for several 
months following this treatment but subse- 
quently became widely disseminated and the 
patient cied 12 months after the treatment. It 
was concluded that this patient was benefitted. 

The location and the character of the tumor 
made it amenable to the procurement of mul- 
tiple biopsies for radioactivity assay proce- 
dures. I-gure 1 shows these assays of tumor 
tissue, skin, blood, and urine for a pre-therapy 
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Fic. 1. Case 3. S9 assay of tissue, blood and urine. 
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Fic. 2. Case 3. S55 assay of blood and 
blood constituents. 


tracer dose of S5 and Figure 2 shows similar 
assays for various components of the blood fol- 
lowing the therapeutic dose of 58. 


Case 4. М.В. oo-82-56. This 53 year old 
Caucasian female noted pain in her right hip 4 
months prior to admission. She was found to 
have erosion of the right ilium by roentgeno- 
graphic examination and a massive pelvic and 
abdominal tumor by physical examination. A 
partial resection of the presenting tumor was 
effected by laparotomy but gross intra-ab- 
dominal tumor was palpable on admission. 

Pre-treatment radioactivity assays are shown 
in Figure 3 following a tracer dose of 10 mc of 
S5, administered intravenously. The patient 
received two doses of 333 mc, each, of 58, ad- 
ministered intravenously, on two separate oc- 
casions Io days apart and followed by a mid- 
tumor exposure of 6,000 r of 2 mev. x-rays de- 
livered in small fractions. The course of the 
hematologic depression and recovery is shown 
in Figure 4. Following this treatment, the pa- 
tient made a total recovery from a state of 
partial invalidism; pain disappeared and there 
was a substantial reduction in the size of the 
palpable intra-abdominal and pelvic mass. 
This state persisted to the time of death, almost 
3 years later, from uncontrolled diabetes, severe 
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Fie. 3. Case 4. 55 assay of tissue, blood, and urine. 


electrolyte imbalance, and congestive heart 
failure. ЈЕ was concluded that this patient re- 
ceived great benefit from the treatment. 


Case 5, T.T. 02-49-85. This 44 year old 
Caucasian male had noted the onset of fullness 
in his left buttock three years prior to admis- 
sion, Surgical exploration revealed a chondro- 
sarcoma which recurred 2 years later and was 
then treated with external roentgen irradiation. 
The patient subsequently underwent left 
hemipelvectomy followed by a third surgical 
procedure for recurrence. Physical examination 
on admission to the Clinical Center showed a 
IOXI2 cm. mass on the medial aspect of the 
right thigh. 

Bone marrow containing 10Х 108 nucleated 
cells was aspirated, following which the patient 
was given 487.6 mc of 58 intravenously. The 
autologous marrow was returned intravenously 
4 days later. The course of the hematologic de- 
pression and recovery is shown in Figure 5. 
The patient’s pain increased and his condition 
continued to deteriorate until death 6 months 
later. The patient was not benefited by the 
treatment. 


Case 6. E.P. 03-14-55. This 22 year old 
Caucasian male developed right sciatica I year 
before admission. A biopsy revealed a chondro- 
sarcoma of the hip and pelvis and he under- 
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Fic. 4. Case 4. Hematological дата, 


went right hemipelvectomy. Pain and the tu- 
mor mass recurred. 

The patient was given 350 mc of S? intra- 
venously by catheter. The S* was adminis- 
tered slowlv over a period of several hours dur- 
ing which time the patient was maintained in a 
hypothermic state with orthopedic tourniquet 
isolation of the extremities. The radioactive 
sulfur was administered in this manner to de- 
termine whether or not the hematologic de- 
pressant effect could be minimized by such a 


procedure. The course of the hematologic de- 
pression and recovery, as shown in Figure 6, 
manifested no departure from the general pat- 
tern of such and this kind of procedure was not 
studied further. 

The tumor mass increased 1n size and the pa- 
tient developed a urethrocutaneous fistula. The 
patient deteriorated rapidly and died 7 months 
later with massive local extension and metas- 
tases. The patient was not benefited by the 
treatment, 
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Fie. 6. Case 6. Hematological data. 


Case 7. L.J. 04-91-99. This 47 year old Cau- 
casian male developed a small nodule on the 
manubrium at the age of 42 years, which sud- 
denly enlarged 2 years prior to admission. It 
was excised and found to be a chondrosarcoma. 
One year prior to admission, the mass recurred, 
necessitating wider excision, and a right pleural 
effusion developed. On admission, the sternal 
mass had again recurred, measuring 11X12 
cm., and there were contiguous intrathoracic 
masses, 

Bone marrow containing 13X10? nucleated 
cells was aspirated and 485 mc of S® was ad- 
ministered intravenously. This was followed 
by a tumor exposure of 1,000 r of 2 mev. x-rays 
administered in a single sitting. Four days after 
the sulfur administration, the autologous bone 
marrow was returned intravenously. Addi- 
tional external irradiation of 1,000 r was given 
later. 

Tumor growth apparently ceased; the pa- 
tient returned home and resumed his normal 
activities in the metal trades, feeling much im- 
proved. One year later, the presenting external 
tumor had shown no increase in size but 
metastases had developed. The patient was re- 
admitted to the Clinical Center for considera- 
tion of a second course of treatment. During 
this second admission there was an acute epi- 
sode of severe and prostrating abdominal 
cramping pain with leukocytosis and, as shown 
by roentgenographic examination, cholelithia- 


sis. At laparotomy the gallbladder, containing 
stones, and a portion of small bowel, which was 
nonvascular and which appeared nonviable, 
were resected. Histologic examination of the 
resected bowel showed invasion of the mesen- 
teric veins by chondrosarcoma. The patient 
died a few months later. It was concluded that 
the patient did derive benefit from the treat- 
ment. 


Case 8. ОН. 05-11-98. This 18 year old 
Caucasian female experienced the onset of pain 
in her right thigh 9 months prior to admission. 
A mass was subsequently noted and destruction 
of the proximal right femur was demonstrated 
on roentgenograms. Surgical resection of the 
affected femur was attempted. Physical ex- 
amination on admission revealed a 20 cm. in 
diameter, tense and very tender mass in the 
proximal thigh. 

Bone marrow containing 15 Х 107 nucleated 
cells was aspirated and соо mc of S9 was ad- 
ministered intravenously. The patient then re- 
ceived a tumor exposure of 2,000 r of 2 mev. 
x-rays in the succeeding 3 days and on the 
fourth day the autologous marrow was returned 
intravenously. Several transfusions of whole 
blood and of platelets were given during the 
course of the hematologic depression and re- 
covery. Six months after treatment the patient 
was much more comfortable, the tumor mass 
was smaller, and it was felt that a useful pallia- 
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tive effect had been achieved. Pulmonary 
metastases had, however, appeared and 4 
months later the patient died with massive 


pulmonary metastases and massive local recur- 
rence of tumor. It was felt that this patient 
benefited from the treatment. 


vear old 
a m noted: pi ain in d subsequent 
swelling of the lett hip approximately 2; years 
prior to admission, He underwent three surgical 
procedures for resection and attempted pros- 
thetic repair of the hip prior to admission to the 
Clinical Center. Physical examination revealed 
moderate soft tissue swelling of the left buttock. 
Roentgenographic examination. demonstrated 
extensive recurrence of the chondrosarcoma in 
the region of the hip joint and the soft parts of 
the adjacent pelvis. 

Bone marrow containing 15 % 10" nucleated 
cells was aspirated and 482 me of S* was ad- 
ministered intravenously. Seven days after the 
marrow was aspirated, it was returned by intra- 
venous infusion, A tumor exposure of 4,000 r of 
x-irradiation was given in the following 24 days. 
Eight months later the patient was in good 
general condition with no local recurrence of 
palpable tumor and he underwent another sur- 
gical procedure for the prosthetic reconstruc- 
tion of his hip. Cartilaginous masses lying in 
the soft parts were removed during this proce- 
dure. It was concluded that this patient was 
benefited by the treatment. 


Case 10. C.L. 04-72-64. This 35 year old 
Caucasian male developed dysuria and urinary 
retention 5 years prior to admission. A large 
mass of chondrosarcoma arising Тот the 
neural arches of L-3 through S-1 was excised. 
The mass recurred and invaded the abdomen. 
Phvsical examination revealed an enlarged 
liver and а 1X17X7 cm. mass in the right 
lower back area. 

Bone marrow containing 11 Хто? nucleated 
cells was aspirated and 450 mc of S” was ad- 
ministered intravenously. Five days later the 
autologous marrow was returned by intra- 
venous infusion. Six months later the patient 
had less pain and was able to carry on some of 
his farming activities including the driving of a 
tractor. A few months later the tumor recurred, 
grew rapidly, and the patient died with massive, 
ulcerative tumor. It was concluded that this 
patient was benefited by the treatment. 
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DISCUSSION 

It has not been proved that the adminis- 
tration of 57 to patients with chondrosar- 
coma results in the restraint of tumor 
growth or in other beneficial responses 
related to S? radiation effects. The experi- 
ences with patients, as cited in the case re- 
port summaries, suggest that such responses 
may occur, but the scientific evidence that 
5? has a growth-restraining effect on carti- 
lage isindirect. This evidence was developed 
In a previous study? where it was shown 
that severe damage, the histologic manifes- 
tations of which are similar to those due to 
x-irradiation, to the growing cartilage of 
rodents results from less than lethal doses 
of S, Further, the movement of sulfate 
into and through the chondrocyte and from 
the chondrocyte into the matrix is an active 
transport рћепотепоп 529 and not simply 
a passive diffusion process. Where there are 
radioactive atoms within a cell, there will 
be some probability of cell lethal effect. The 
cell lethal effects of ionizing radiations are 
associated with interference, by these radia- 
tions, with the reproductive capacity of 
cells and it is thought that all the somatic 
cells of the normal of neoplastic tissues of a 
given species are, essentially, of equal, or 
nearly ecual, inherent radiosensitivity. 
Apparent differences in radiosensitivity 
mav be explained on the bases of the oxy- 
gen effect and the different cell p 
growth and replacement kinetics of differ- 
ent tissues, both normal and neoplastic. A 
discussion of these postulates appears in 

Reference 4. 
External beam 2 mev. x-rav t therapy was 
administered to these patients in addition 
to the S*, It has been the recent practice to 
administer the radiotherapy in one or a few 
large doses for 3 reasons. One is that it was 
thought desirable to administer all the 
radiation, both that due to S? and that due 
to the external beam irradiation, prior to 
the return of the patient's bone marrow. 
Secondly, certain of our experimental 
studies have shown that external beam 
irradiation results in prolongation of the 
half-time of S5 in cartilage? and presum- 
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ably, therefore, in a greater radiation effect 
due to the longer presence of 55, Lastly, itis 
a well-known radiobiologic phenomenon 
that a given dose of ionizing radiation 1s 
more effective if delivered in one or a few 
large increments over a short period of time 
than if delivered in many small increments 
over a long period of time. 

The responses of certain patients, as 
described in the case report summaries, 
suggest that the radiation effects were 
beneficial; some patients showed either no 
improvement or actual progression of the 
disease after treatment. Since chondro- 
sarcoma patients have such a variable 
course, it 1s difficult to assess accurately the 
value of S5 with or without external irradi- 
ation. However, no clinical radiation effects 
on the kidneys, skin, hair, joint cartilages 
or tissues other than the hematopoietic ones 
have been observed. 

The human dosimetry of S% is difficult to 
study both because of the clinical problems 
associated with biopsy of chondrosarcoma 
and because of other tissue sampling prob- 
lems. The clinica! problems are those of 
discomfort to the patient, anesthetic risk, 
hemorrhage, and infection. The sampling 
problems are due to the fact that large 
human chondrosarcomas are not homoge- 
neous in their anatomic characteristics; 
some zones are more cellular than others 
and some zones are either cystic, hemor- 
rhagic, or necrotic. It is impossible, there- 
fore, to make a consistently valid radio- 
activity assay of human chondrosarcoma 
biopsy tissue and many attempts fail. The 
disappearance of S% from the blood and its 
excretion in the urine are, initially, very 
rapid, as shown in Figures 1 and 3. In addi- 
tion, S% appears in the perspiration and 
saliva. These aspects of sulfate metabolism 
pose stringent problems in radiation protec- 
tion if area contamination and personnel 
exposure are to be avoided. A detailed 
account of the radiation safety practices 
employed is not germane to this particular 
study, but a careful consideration of them 
is certainly germane if similar work is to be 
undertaken and a detailed account of these 
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practices, in respect to these reported pa- 
tients and procedures, has been published.’ 

The limiting factor in the dose of S% 
which can be administered to the human is 
its hematopoietic depressant effect. The 
degree of this effect and its temporal char- 
acteristics are shown in Figures 4, 5 and 6 
for 3 representative patients. The time of 
maximum platelet and white blood cell 
depression was about the 28th day, the 
platelet count faling to an average of 
48,000 рег mm.? and the white blood cell 
count to 1,700 at that time. In no instance 
was death due to this depressant effect and, 
with the exception of Case 3, there was 
hematopoietic recovery, usually within 40 
days after the 58 was administered. 

There 1s no known direct way to measure 
the radiation dose delivered to the stem 
cells of the hematopoietic system by an 
internally administered radioisotope. There 
are, however, published data on the human 
hematopoietic effects of externally admin- 
istered ionizing radiation, either as the 
deliberate application of measured doses or 
as an accidental exposure to estimated 
doses. Some of these data are compiled in 
Table 1. In the case series here reported of 
S% and external x-ray beam irradiated 
patients, there was no mortality due to 
radiation effects. Petechiae of very slight 
degree appeared 1n 3 of the 10 patients, no 
other hemorrhagic phenomena were mani- 
fest and the maximum depression of the 
platelets occurred on about the 28th day. 
These observations and their comparison 
with the data of Table 1 suggest that the 
hematopoietic depressant effect of the 
internally administered S* was less than 
that due to a dose of some 300 rads from 
external radiation sources. 

Patients in whom similar doses of S® 
were administered but in whom the autolo- 
gous bone marrow procedure was not em- 
ployed showed essentially the same pat- 
terns of hematopoietic depressant effect 
and recovery as those in whom the autolo- 
gous bone marrow procedure was em- 
ployed. Our interpretation of these observa- 
tions is not that the procedure is an ineffec- 
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Reference 


Type of 


Time of Maximum 


qe Dose | - Dye. | 
Хо. Irradiation Platelet Depression (days) 
9 External beam, planned 200-250 rads, 4-6 days later, 20 
150-230 rads 
400 rads 20 
I External beam, planned 400 rads (ymphocytes) 5 
11 External beam, planned 250, or more rads 20 
350 rads (so% mortality) 
2 Fission, accidental 236-365 rads 25 
(5 cases) | 
Petechiae 27$ 
Hematuria ag 
Bleeding gums 2/5 
Epilation 5/5 
i3 Fission, accidental 350-640 rads 25 


640 rads 


This Report 57 series (10 cases) 
rads 


tive one but that, simply, either the popu- 
lation of the hematopoietic stem cells was 
not reduced by the doses of S* adminis- 
tered to levels sufficiently low for the effects 
of the procedure to become manifest, or 
insufficient numbers of marrow cells were 
employed. It is assumed, if the dose of S 
were large enough, that the exhaustion of 
hemopoietic stem cells would be absolute 
and that, under such circumstances, the 
effects of the procedure could become mani- 
fest. What the upper limit of a dose of S% 
might be under such circumstances has not 
been determined. In some of the patients, it 
was considered that clinical indications 
existed for the replacement of certain 
formed circulating blood elements and 
under such circumstances the appropriate 
replacement therapy was effected. 


Estimated as less than 300 


(death at 18th day) 


To average count of 48,000 at 
28 (range: 6,000 to 173,000) 


РА 


White blood cell count to 
average count of 1,700 at 23 
(range: 600-3,700) 

Petechiae, 3/10 

(no mortality) 


CONCLUSIONS 

1. The conclusions tentatively drawn in 
the first report? have been confirmed and 
the work has been extended. 

2. Data have been developed on the 
human hematopoietic and chondrosarcoma 
dosimetry of large doses of S9 administered 
intravenously. 

3. Sulfur 35 is deposited in relatively 
high concentration in viable zones of hu- 
man chondrosarcoma and is retained there 
for an extended period of time. 

4. The dose-limiting factor in the pos- 
sible therapeutic administration of 59 15 the 
depletion effect on the hematopoietic tis- 
sues. 

5. The combined administration of S* 
and external beam x-irradiation has re- 
sulted in beneficial clinical responses in 
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some patients with inoperable chondro- 
sarcoma. 
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DISTRIBUTION OF PULMONARY VENTILATION 
DETERMINED BY RADIOISOTOPE SCANNING* 


A PRELIMINARY REPORT 


By FELIX J. PIRCHER, M.D.,t JOEL R. TEMPLE, M.D., t WILLIAM J. KIRSCH, M.D.,$ 
and ROBERT J. REEVES, M.D.+ 


DURHAM, NORTH CAROLINA 


р^ DIOISOTOPE scanning has been 

used successfullv to define size, shape 
and location of certain organs and to dem- 
onstrate whether disease mav involve them 
diffusely or locally. For certain organs, 
“visualization” may be accomplished by 
more than one technique. The liver, for 
example, may be "visualized" with radio- 
iodinated rose bengal, which is retained by 
the polygonal cells, or with radiocolloid® 
gold, which is retained in the reticuloendo- 
thelial cells because both tvpes of tissue are 
distributed diffusely throughout the liver 
and are usually equally affected by disease. 
This is not true for the two main compart- 
ments of the lung: the space perfused with 
pulmonary artery blood and the space 
ventilated with air. They are known to be 
affected unequally and differently by dis- 
ease processes. Recentlv, a method was de- 
scribed that maps the capillarv bed of the 
pulmonary circulation, visualizes the lungs, 
and demonstrates perfusion defects.72)2 
Regional pulmonary ventilation has been 
measured by bronchospirometrv,'? fluoro- 
densimetry,?/?775 and by *external count- 
ing using radioactive gases, *^?5 The 
technique described here emplovs scanning 
of the chest after inhalation of I?! labeled 
human serum albumin aerosol for mapping 
the ventilated space of the lungs. 


METHODS AND MATERIALS 


Experiments were carried out in «ç 
healthy mongrel dogs without evidence of 
lung disease clinically or on chest roent- 


* Duke University Medical Center, Durham, North Carolina. 


genograms. Their weight ranged from 20 
to 26 pounds. They were anesthetized with 
intraverous pentobarbital and were intu- 
bated with a cuffed endotracheal tube. 
The encotracheal tube was connected to a 
Bird mizronebulizer which was driven bv a 
Bird Mark VII respirator. One millicurie of 
I?! labeled human serum albumin in a 6 per 
cent solution and in a volume of 1 to 2 ml. 
was placed in the nebulizer. While in the 
prone position, the animals breathed spon- 
taneously with the respirator. Automatic 
cycling was not used. The exhaled air was 
trapped in a plastic bag. The average time 
necessary to nebulize and inhale the dose 
was approximately 15 minutes. Immedi- 
ately following inhalation, scans were made 
over the posterior aspect of the chest with 
the dog in the prone position. 

Atte: a recovery period of 1 week, during 


which the chest counts returned to back- 


grounc levels, cork balls which contained a 
radiopaque marker were placed in 1 to 3 
bronchi, causing their complete obstruc- 
tion. Scanning was then performed again 
by the same method. 

Ventilation scans were also made of 4 
normal men, ages 20 to 24 years, who 
had no evidence of pulmonary disease bv 
history or by chest roentgenograms. In 
addition, ventilation scans were made of 25 
patier.ts with a variety of lung diseases. For 
each human subject the nebulized dose of 
radioiodinated human serum albumin was 
2 mc contained in a 1 to 4 ml. volume. The 
isotope material was administered via the 
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Bird micronebulizer and Bird Mark УП 
respirator. The subjects were seated in a 
straight-backed chair and breathed the 
aerosol through a mouthpiece attached to 
the micronebulizer. Nasal respiration was 
blocked with a nose clip. Pressure settings 
on the respirator were kept as low as pos- 
sible, in the range of 5 to 10 cm. of water, 
and the flow rate was adjusted so that 
respiration wastas comfortable as possible. 
The exhaled air was trapped in a plastic 
bag. The inhalation time varied with the 
volume of the dose and averaged 10 min- 
utes. The scans were made over the pos- 
terior aspect of the chest with the subject 
in the prone position. Thyroid uptake of 
radioactive iodine was blocked with Lu- 
gol's solution administered in doses of 10 
drops three times a day for 5 days. 

The dose of nebulized material retained 
by the lungs was calculated for the normal 
subjects by determining the number of 
counts, both after inhalation and after the 
intravenous injection of 500 uc of 1% la- 
beled macro-aggregated human serum albu- 
min. The retention of aggregates in the lung 
was calculated in per cent of the injected 
dose and expressed in microcuries. The 
number of microcuries retained in the lungs 
from the inhalation was then calculated as 
the product of lung counts from inhalation 
times microcuries of retained aggregates 
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divided by lung counts from the aggregates. 
Measurement of whole body retention and 
distribution of the inhaled isotope was 
made with the whole body scanner and 
counter, 
RESULTS 

A total of 11 studies were performed in 
the 5 dogs. Each animal had an initial scan 
which showed pulmonary dimensions com- 
parable with the chest roentgenogram and 
a distribution of scan densities that was in 
concurrence with the predicted ventilated 
space (Fig. 14). One of the test animals 
developed pneumonia after the initial scan. 
The ventilation scan was then repeated. It 
showed a decrease in scan densities 1n areas 
that corresponded with the areas of consoli- 
dation in the chest roentgenogram (Fig. 
1B). In the remaining 4 animals, perfusion 
scans were made after the lung counts had 
returned to background levels. The ventila- 
tion and perfusion scans were found to be 
nearly indistinguishable in appearance. In 
addition, ventilation scans were repeated in 
3 of these 4 animals after regional bronchial 
obstruction was accomplished. These scans 
showed decreased or no densities in. the 
affected areas, indicating failure of the 
nebulized material to reach the area distal 
to the obstruction (Fig. 2, 4 and В). The 
animals were sacrificed and autopsied at 





Fic. 1. (4) Normal ventilation scan of Dog 1. (B) Ventilation scan of Dog 1 with suppurative bronchopneu- 
monia involving the right upper and middle lobe. 
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16. 2. (4) Chest roentgenogram of Dog 5 after block of left upper lobe bronchus (note density in left upper 
. lung field and position of radiopaque marker). (B) Ventilation scan of same dog showing decreased radio- 


activity in the atelectatic area. 


varying intervals. Their lungs showed 
areas of atelectasis and bronchopneumonia 
distal to the areas of the block. The re- 
maining uninvolved portions of the lungs 
showed no signs of allergic or foreign bodv 
reaction. The last dog received iodine 125 
labeled human serum albumin in nebulized 
form. The animal was sacrificed after the 
completion of the scan and the lungs were 
removed. The lungs were fixed by intra- 
tracheal insufllation with formaldehyde 
fumes. Then sections of the lungs were 
prepared for autoradiography. The macro- 
scopic preparation showed a diffuse distri- 
bution of radioactivity (Fig. 3, 4 and 8). 
The microscopic preparations showed ra- 
dioactivity in the entire bronchial tree and 
in the alveoli (Fig. 3, C and D). 

The ventilation scans obtained from the 
normal subjects showed good definition of 
size, shape and location of the lungs and a 
distribution of scan densities compatible 
with the expected ventilated space (Fig. 4, 
A and В). The group of subjects with lung 
disease included 6 patients with tuberculo- 
sis who showed a great variety of roent- 
genographic changes; 3 patients had tu- 


mors; I patient exhibited right-sided pleu- 
ral effusion and right lower and middle lobe 
pneumonia; and 15 patients had chronic 
bronchitis and emphysema. The distribu- 
tion of scan densities in the area of the 
lungs of these patients showed irregularities 
of varying degrees. A preliminary evalua- 
tion of these irregularities suggests that 
a decrease or absence of scan densities 
is found in areas of pulmonary fibrosis, 
neoplastic involvement, emphysematous 
changes and atelectases. Furthermore, it 
was noted that in patients with tuberculo- 
sis there was good agreement between scan 
abnormalities and chest roentgenographic 
findings (Fig. 5, 4 and B); that neoplastic 
lesions appear to impair ventilation more 
extensively than suggested by roentgeno- 
graphic findings (Fig. 6, 4 and B); that 
pleural effusion may reduce ventilation of 
an entire lung appreciably and diffusely 
(Fig. 7, Zand B); and, finally, that patients 
with bronchitis and emphysema may have 
marked reduction of ventilation in an ir- 
regularly localized pattern, not demon- 
strated by roentgenograms (Fig. 8, 4 and 


В). 
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Fic. 3. (4) Lung section of Dog 4. (B) Macro-autoradiograph showing diffuse distribution of radioactivity 
(15), (C and D) Micro-autoradiograph of part of the same section showing radioactivity within the 


bronchial tree and alveoli. 


Outside the areas of the lungs, retention 
of varying degree was noticed in the area of 
the trachea and bronchi in 2 of the 4 normal 
subjects and in 14 of the 25 patients, in 3 of 
whom there was prominent retention. 
Radioactivity was also noticed in the 
mouth and in the stomach cf all 29 subjects. 
Data on retention and distribution of the 
inhaled radioactivity have been collected 
and computed for the 4 normal subjects. 


The retention in their lungs was found to 
varv from 190 to 320 uc, averaging 14.6 per 
cent of the total dose. The average effective 
half life of the retained dose in the lungs 
was found to be 18.5 hours. The retention 
in the mouth averaged 5 per cent of the 
total dose. The radioactivity in the stomach 
ranged from 20 to 190 yc at the end of in- 
halation. Blood activity levels reached a 
peak of 2 per cent of the total dose between 
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Fic. 5. (4) Chest roentgenogram of a patient with scarring in the right upper lung field and at the base of the 
right upper lobe; bronchovascular thickening in left apex. (А) Ventilation scan of the same patient with de- 
creased radioactivity in both apical regions, more extensive on the right, and in the lateral aspect of the 
upper half of the right lung. 





Fıs. 6. (4) Chest roentgenogram of a patient with a mass lesion in the left upper lung field, probably car- 
cinoma, and decreased vascularity on both sides. (B) Ventilation scan of the same patient, showing no 
ventilation of upper third of left lung and irregular distribution of radioactivity throughout both lungs. 
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Fic. 7. (4) Chest roentgenogram ofa patient with right sided pleural effusion and right lower medial lung field 
pneumonia. (B) Ventilation scan of the same patient showing diffusely decreased ventilation of entire right 
lung (in prone position), marked decrease in radioactivity in the area of the pneumonia and retention of 


radioactivity in the stomach. 


6 and 24 hours. After 2 days, 9o per cent of 
aay Nees rou abro о 

the radioactive iodine in the plasma was 

protein bound. 


DISCUSSION 


Other methods have been used for the 
measurement of regional pulmonary venti- 
lation, but they have certain disadvantages. 
Bronchospirometry requires skill and ex- 
perience, is associated with significant pa- 
tient discomfort, 15 performed under un- 
physiologic conditions and ‘ts measurement 


is limited at best to individual lobes. 
Fluorodensimetry is limited in its spacial 
resolution by the size and the number of 
available external detectors. This 1s also 
true for external counting using radioactive 
gases. Radioactive gases, although quite 
valuable in determining regional ventila- 
tion perfusion ratios, are of limited use 
because of their rapid diffusion into the 
blood, making them unsuitable for scan- 
ning of the air compartment of the lung. 
The technique described has the advantage 





Fic. 8. (4) Chest roentgenogram of a patient with asthma, read as negative. (5) Ventilation scan of the same 
patient showing marked decrease of ventilation in a localized, irregular pattern. 
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of providing continuity of recording over 
the entire area of the lungs with a spacial 
resolution approaching 2 ст.222 It requires 
a radioactive material that has a gamma 
emission suitable for scanning, is nontoxic, 
can bedistributed relatively evenly through- 
out the ventilated space, remains 77 situ 
long enough to permit scanning, and is 
eliminated at a reasonable rate in order to 
reduce the radiation dose to the organ. 
Nebulized I?! labeled human serum albu- 
min meets most of these requirements. It 
has a gamma emission suitable for scan- 
ning. Serum albumin is nontoxic and non- 
antigenic in man and is eliminated from 
the bronchial tree at a reasonable rate 
by expectoration and absorption. Its effec- 
tive half life in the lungs averages 18 hours. 
Nebulized radioiodinated human serum 
albumin appears to be distributed diffusely 
in the lungs, when compared with the in- 
travascular distribution of macroaggre- 
gated serum albumin as seen in perfusion 
scans, and as suggested by autoradio- 
graphic studies. 

The production of aerosol particles and 
their pulmonary distribution and retention 
has been extensively studied in connection 
with inhaled dust as an industrial hazard, 
radioactive contamination of the air, chemi- 
cal warfare and aerosol therapy 1619 Agree- 
ment among investigators is poor with 


reference to penetration and deposition of 


aerosol particles in the lunge. Manv factors 
are known to influence deposition: particle 
$170,» *77 particle composition,® electrical 
charge of particles,” respiratory гасе, air 
flow rate and air turbulence. The Bird 
micronebulizer used in our experiments 1s 
an air-liquid jet nebulizer and produces, 
according to the manufacturer, floating 
particles ranging from 0.01 to 4 win diame- 
ter^ We have found that low flow rates 
with the Bird respirator gave best results, 
and that high flow rates produced large air- 
way deposition which is recognizable on 
scans. Scratches and other blemishes on the 
internal parts of the nebulizer also cause 
deposition in major airways, presumably by 
producing larger particles. The dimensions 
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of the lungs as defined bv the ventilation 
scan are the same or slightly larger than 
by the perfusion scan, and compare favor- 
ably with the lung size on chest roentgeno- 
grams. 

The average pulmonary retention of the 
radioactive material in the 4 normal sub- 
jects was 14.6 per cent of the total dose and 
the average half life was 18.2 hours in the 
lungs and 20 hours in the whole body. Using 
Quimby's formula for absorbed beta dose?" 
and an average beta energv of iodine 131 of 
0.3 mev. for the lungs and 0.44 mev. for the 
whole body,” the dose to the lungs was cal- 
culated to be 5 rads and the whole body 
dose 80 millirads. Corrections were not 
made in the calculations for variance of 
gamma ray absorption in the various parts 
of the body. Efforts are being made to re- 
duce the trapping of labeled serum albumin 
in the stomach because it contributes sub- 
stantially and undesirably to the whole 
body burden. The rate of pulmonary ab- 
sorption of inhaled serum albumin and the 
rate of its elimination by expectoration re- 
main to be determined. 


SUMMARY 


A method for the determination of the 
distribution of pulmonary ventilation by 
scanning has been described. Iodine 131 
labeled human serum albumin solution is 
nebulized and inhaled. An average of 14.6 
per cent of the total dose is retained in the 
lungs. The retained tracer material permits 
mapping of the ventilated space by scan- 
ning. Studies were performed on dogs, nor- 
mal subjects and patients who had a 
variety of lung diseases. The results indi- 
cate that areas with defective or impaired 
ventilation can be detected and localized. 
This information should be of value in the 
diagnosis and management of patients who 
have marginal pulmonary function. 
Robert J. Reeves, M.D. 

Department of Radiology 
Duke University Medical Center 
Durham, North Carolina 


We wish to express our thanks to Dr. Forrest 
Bird for the donation of equipment and for his 


814 


advice, to Dr. William F. Barry and Dr. A. P. 
Sanders for their advice and suggestions, and 
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TECHNETIUM 99m NORMAL BRAIN SCANS 
AND THEIR ANATOMIC FEATURES 


By MILO M. WEBBER, M.D. 


LOS ANGELES, CALIFORNIA 


RAIN scanning is based on the fact 

that certain substances normally do 
not diffuse into the substance of the normal 
brain, but pass through, staying within the 
blood vascular system. A number of such 
substances, tagged with radioactive tracers, 
have been described. Notable ones include 
diiodofluorescein, serum albumin, chlor- 
merodrin, and pertechnetate. These sub- 
stances, after finding their way into the 
blood stream, can be used to outline the 
normal structures of the head. The brain 15 
seen as an area of a lack of activity. 

Areas of uptake within the brain itself 
reflect a breakdown of the blood-brain 
barrier secondary to tumor, infarction, or 
infection. Areas of increased vascularity 
within the brain also appear as areas of in- 
creased uptake and mav be secondary to 
tumor. 

This paper concerns itself with the nor- 
mal pattern of activity seen with brain 
scanning done with pertechnetate, one of 
the most recently used brain scanning 
agents. 

Technetium is an artificial element which 
is truly a product of the atomic age. It was 
discovered in 1937 by Segré and Perrier? 
while bombarding molybdenum with either 
neutrons or deuterons. 

It is a member of the manganese series 
and as such is a very near neighbor to the 
halogens. In its most readily available 
form, pertechnetate ion, it behaves re- 
markably similar to perchlorate and the 
iodide ion, with respect to its ability to be 
concentrated in the salivary glands, gastric 
mucosa, thyroid and other areas of the 
human body. 

Because of the fact that the element is 
artificial and of relatively short half life, 
little has been written regarding its chemi- 
cal compounds and its chemical toxicity. 


ХІ 


However, due to the very small amount 
of actua: technetium required in clinical 
procedures (less than .002 ug.), it has 
generally been tacitly assumed that сћети- 
cal toxicity can not become a problem. 
This appears to be borne out in clinical 
applications thus far. Radiation. toxicity 
can be estimated bv calculation of radiation 
dose delivered to the patient when the 
brain is examined by the use of to mc of 
Tc??», This calculation has been performed 
by many! and estimated doses are in the 
order от тоо mr total body dose. Target 
organ doses are in the order of: thyroid, i 
rad; gastric mucosa, .8 rad; liver, .7 rad; 
and large bowel, 1 rad for intravenous 
administration. The daughter product Тс" 
is present in an amount of about 107° yc 
from a cose of rome Te’, Thisis considered 
a negligible amount. 


METHOD 


Technetium is now available from manv 
commercial sources as well as Brookhaven 
National Laboratory in the form of a col- 
umn of alumina upon which is adsorbed 
Mo?? in the form of molybdate. By eluting 
this column with o.1 N НСІ, pertechnetate 
ion may be separated from the molybdate 
with minimal contamination by Rw® and 
ps), 

The eluate is caught in a vial filled with 
appropriate amounts of pyrogen-free o.1 N 
NaOH and pvrogen-free phvsiologic phos- 
phate buffer. The pH is checked by placing 
a drop on narrow range pH paper. The 
bottle is capped and autoclaved. Oral ad- 
miniscration has been used, which avoids 
pyrogen-free sterile technique, but which 
yields slightly less activity within the brain 
and « higher dose to the gastrointestinal 
tract. 

In this laboratory brain scanning is 


r 
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started approximately 15 minutes after 
injection. Longer times have been advo- 
cated by some;! others suggest immediate 
scanning.* The question of the appropriate 
time to scan does not appear to be a settled 
issue. Optimum time may perhaps be a 
function of cerebral circulation times, 
extent of break-down of the blood-brain 
barrier, and/or nature of the tumor, and 
ability of kidneys to excrete the pertechne- 
tate ion. 

The accompanying scans were obtained 
with a Nuclear Chicago Photo Dot scanner 
which was set at the Те и peak of 140 kev. 
It uses а 3 inch diameter х2 inch thick 
thallium activated Nal crystal. 

We have attempted to achieve the best 
possible pictorial representation consistent 
with patient comfort and time limitations. 
A scan speed of 45-60 cm./min. is what is 
usually employed. Spacing of $ inch, scan- 
ning in both directions, and 20-30 per cent 
background cut-off are used, depending on 
activity differentials noted. 

Using this technique, approximately 15 
minutes is required per view. In most in- 
stances this is well tolerated by the patient. 
It represents about one-third of the time 
required for Hg?9 chlormerodrin and/or 
RISA scanning. Collimators with greater 
resolution capabilities have been tried from 
time to time with no other change in the 
procedure. The 37 hole collimator for ex- 
ample yields pictures which appear coarse 
and blotchy. Unless 23 or more times the 
dose is given or 23 or more times as slow a 
speed is used, the information composing 
the scan suffers from a statistical variation 
which can and usually does negate any 
increased resolution benefit arising from the 
use of the 37 hole collimator. The same 
holds true of the 61 hole collimator except 
that a factor of 6 or more applies. 

A comparison of the type of pictorial 
representation of the head with Hg*** and 
with Tc??» is revealing. When both аге 
employed in the usual amounts, the irregu- 
lar blotchy black and white pattern of the 
Hg scan is a reflection of the marked 
statistical variation at the low count rates 
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encountered. The Tc®™ scan has an even, 
uniform appearance, largely devoid of the 
statistical changes. Because of this feature, 
it now becomes possible to appreciate cer- 
tain anatomic landmarks which were, to a 
large extent, hidden with previous scanning 
agents. 

It now behooves the interpreter of brain 
scans to attempt to evaluate all aspects of 
the image. It is granted that, at present, 
there is much speculation as to the signifi- 
cance of certain features of the image. What 
Is presented here, therefore, represents 
partially unproven opinion and partially 
fact. In the future, as experience accumu- 
lates, the comments expressed in this paper 
will most certainly have to be modified. 


ANATOMIC CONSIDERATION OF 
NORMAL BRAIN SCANS 


Figure 1, 4 and B shows a typical front 
view of the head with the collimator focal 
plane at a distance of approximately 4 cm. 
beneath the skin surface. The scan is la- 
beled as to significance of the various por- 
tions. The characteristic pattern is formed 
by the skull outline representing activity 
within the diplo&, meninges, and superficial 
arteries. The midline activity represents 
midline vascularity, including the anterior 
cerebral arteries. 

Figure 2, 4 and B shows a side view of 
the skull with, again, the focal plane about 
4 cm. beneath the skin surface. 'This means 
that all structures on either side of this 
plane will be enlarged and shown with less 
resolution than if they were located on the 
plane. The typical pattern of activity of the 
diploé, superior sagittal sinus, confluence of 
the sinuses, and lateral sinuses is shown. 
Activity in the lower middle area repre- 
sents the activity in the cavernous sinus 
and overlying temporalis muscle. 

Figure 3, 4 and B shows a posterior view 
of the skull. The confluence of the sinuses is 
clearly apparent as are the sagittal and 
lateral stnuses which contribute to it. At 
times, an area of decreased density can be 
seen in the confluence which represents the 
occipital protuberance. 
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. | SUPERIOR SAGITTAL SINUS. 


2. DIPLOE, MENINGES, AND 
SUPERFICIAL CEREBRAL 
ARTERIES. 


3. TEMPORALIS MUSCLE. 
4. CAVERNOUS SINUS. 


5. MIDLINE VASCULARITY, IN- 
CLUDING ANTERIOR CERE- 
BRAL ARTERIES 


6. SLIGHT INCREASED ACTIVITY 
DUE TO PETROUS RIDGES. 


7. DECREASED ACTIVITY OF 
CEREBRAL HEMISPHERES. 





Fic. 1. (4 and B) Typical front view of head with 
the collimator focal plane at a distance of ap- 
proximately 4 cm. beneath the skin surface. 


Figure 4, 4 and B is the lateral view of 
the skull of a small child. Here the focal 
distance factors may be much more impor- 
tant because of the smaller diameter of the 
head. 

The area marked by 4 indicates 1п- 
creased activity which cannot be clearly 
explained. It may be that this represents 
choroid plexus. Anomalous drainage of the 
venous system may also cause lateraliza- 
tion of increased activity. This observa- 
tion has been made by us in 2 children 
who have no angiographic evidence of 
abnormality in this region. 

Figure 5, Æ and В shows a lateral view of 
the skull with an area of increased activity, 
which apparently is due to venous lakes 
found in this same area on the lateral skull 
roentgenograms. 


SUMMARY 


The advent of greater apparent detail 
brain scanning using Tc??» makes 1t neces- 





у |. DIPLOE, MENINGES, SUPERIOR 
SAGITTAL SINUS. 


2. CONFLUENCE OF SINUSES 
3. LATERAL SINUS. 
4. TEMPORALIS MUSCLE. 

5. FLOOR OF ANTERIOR FOSSA. 
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Fic. 2. (4 and B) Side view of skull with the focal 
plane about 4 cm. beneath the skin surface. 





SUPERIOR SAGITTAL SINUS 


2. DIPLOÉ, SCALP, MENINGES, 
AND SUPERFICIAL ARTERIES 


CONFLUENCE OF SINUSES. 
LATERAL SINUS. 


5. BASILAR STRUCTURES, POS- 
SIBLY CAVERNOUS SINUS AND 
PITUITARY REGION 


> ш 





Fic. 3. (4 and B) Posterior view of skull. 
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|. SUPERIOR SAGITTAL SINUS. 

2. CONFLUENCE OF SINUSES 

3. LATERAL SINUS. 

4, UNUSUAL ACCUMUL ATION. 

5. TEMPORALIS MUSCLE. | | INCREASED ACTIVITY 
CORRESPONDING TO 
VENOUS LAKES ON 

FRONT THE LATERAL SKULL 
FILM. 





Fic. 4. (4 and B) Lateral view of the skull of a 
small child; right side up. 





sary to explain more cf the detail of the — 119. 5. (4 and B) Lateral view of skull showing an 
pictures obtained. An anatomic considera- area or increased activity. 
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method using Tc??", Nucleonics, 1964, 22, co- 
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CORRELATION OF BRAIN SCANS AND ANGIOGRAPHY 
IN INTRACRANIAL TRAUMA* 


By ALBERT J. GILSON, M.D., апа FREDIE P. GARGANO, M.D. 


MIAMI, FLORIDA 


HE general usefulness of brain scan- 

ning in the diagnosis and management 
of patients with intracranial neoplastic 
lesions has gained wide acceptance as a 
clinical method.?* The potential value 
of this procedure has not been fully ex- 
ploited in the screening of patients sustain- 
ing trauma to the head. The systematic use 
of routine brain scanning in our clinic has 
been of major importance in detecting in- 
tracranial lesions of traumatic etiology. It is 
the purpose of this presentation to indicate 
the lesions of traumatic etiology we have 
found amenable to brain scanning, to pre- 
sent the salient diagnostic features of these 
lesions as found on the scan and to correlate 
the scans with conventional angiographic 
techniques. 


CLINICAL MATERIAL AND METHOD 


A series of 73 patients with positive 
neurologic findings and suspected intra- 
cranial lesions following acute trauma was 
studied over a 14 month period. Only 
patients with questionable lesions were 
examined. Those patients in acute distress 
or with classic evidence of pathology were 
handled as emergencies by classic diagnostic 
and therapeutic techniques. Three com- 
mercially available scanning instruments 
were utilized for all diagnostic radioisotopic 
procedures. The majority of the scans was 
performed with two Nuclear-Chicago Pho- 
Dot scanners utilizing a 19 hole focusing 
collimator. The scan speed was set at 32 
cm. per minute. The spectrometer of this 
instrument was modified in our laboratory 
so that the window width was continu- 
ously variable between § and 15 per cent of 
the full scale energy. Five per cent was 


selected for all brain scans utilizing either 
mercury 197 or mercury 203 neohydrin. A 
Picker Mzgnascanner was the third clinical 
instrument utilized. A 19 hole focusing 
collimator was emploved at a scan speed of 
28 cm. per minute. For mercury 203 neo- 
hvdrin, the spectrometer window was set 


at 250-302 kv. Utilizing mercury 197 neo- 
hvdrin, the spectrometer was set to include 
energies between 60-90 kv. 


Scannirg techniques were preceded bv a 
renal blocking dose of 1 cc. mercuhvdrin as 
suggested by Blau and Bender.! In adults 
mercury 203 neohydrin was utilized. In an 
attempt to minimize the total radiation 
dose delivered to the total bodv as well as 
the renal svstem, mercury 197 neohvdrin 
was utilized in all patients below 16 vears 
of age.? 

Scanning commenced 2 hours after in- 
jection cf the radioisotopic compound. 
Usually, zwo projections were sufficient for 
diagnosis. An anteroposterior view was 
used initially. Based on this view, a lateral 
examination was made on the side suggest- 
ing pathologic localization of the radio- 
mercury. Additional views were employed 
when deemed necessary. 

RESULTS 

Of the 73 patients studied, 28 patients 
had posizive localizing lesions. Of these 28 
patients, 22 subsequently underwent ar- 
teriography and 18 had surgical procedures. 
The 6 patients not undergoing arteriog- 
raphy clinically suffered from cerebral con- 
tusions and were followed and eventuallv 
discharged without further treatment. Of 
the 18 patients who underwent surgery, 1 
had a chronic epidural hematoma, 14 had 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Rey Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


From the Department of Radiology, Jackson Memorial Hospital and University of Miami Medical School, Miami, Florida. 
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subdural hematomas, 2 had intracerebral 
hematomas and 1 had massive anterior 
cerebral infarction secondary to surgical 
transection of the nutrient artery. To our 
knowledge there have been no false nega- 
tive scans. No patient with a negative scan 
was later found to have an intracranial 
lesion on follow-up examination. There was 
I case which was reported as a contusion on 
the brain scan and which was later diag- 
nosed as unilateral subdural hematoma at 
arteriography. There were 2 false positives 
which were interpreted as subdural lesions 
on the basis of the scan but had negative 
arteriograms. These cases were felt to be 
contusions in retrospect. 


ILLUSTRATIVE CASES 


Normal Brain Scan. Because of the wide 
variation of brain scans produced by dif- 
ferent scanning apparatus as well as in- 
dividual techniques and preferences, an 
example of a normal scan from our labora- 
tory is shown in Figure 1. The anteropos- 
terior view demonstrates symmetry of the 
right and left portions of the scan, which in 
the normal state should approach mirror 
images. The area occupied by the brain 
appears as a relatively clear or low count 
rate area. The vascular structures of the 
scalp are seen as areas of increased density 
outlining the shape of the head. We feel 
that a sufficient count rate should be ob- 
tained such that the over-all outline of the 
head is presented without the necessity for 
“drawing in” the outline of the skull. Excess 
suppression will cause missed lesions; many 
times the count rate obtained from the 
subdural membrane will not be appreciably 
greater than the scalp activity. 

Unilateral Subdural Hematoma (Fig. 2, 4 
and 5). Although there may be exceptions, 
patients harboring blood clots on the sur- 
face of the brain, either epidural or sub- 
dural, present an anterior scan showing a 
massive uptake of radioactive material 
along the aftected lateral portions of the 
brain. There is a definite asymmetry be- 
tween the affected and contralateral normal 
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Fic. 1. Normal brain scan. 


peripheral area. This crescentic area ot 
increased activity is characteristic of sub- 
dural hematoma and to our knowledge does 
not occur to this degree in any other abnor- 
mality detectable by brain scanning. The 
lateral scan frequently appears normal or 
may have a diffusely increased area of 
activity which has no specific site localiza- 
tion. 

Bilateral Subdural Hematoma (Fig. 3; and 
4, 1 and В). Patients with bilateral chronic 
subdural hematoma can pose additional 
problems due to symmetry of the abnor- 
mality on the brain scan. These lesions, 
however, demonstrate bilateral crescentic 
thickening of the normally thin areas of 
peripheral activity. The lateral scan in 
chronic bilateral subdural hematoma is 
somewhat characteristic as evidenced by 
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Fic. 2. 


the abnormally high concentration of 
activity diffusely scattered in the normally 





Fic. 3. Case ir. Bilateral subdural hematoma. 


Case 1. (4 and 8) Left subdural hematoma, 


clear cerebral areas. In some cases a com- 
bined lesion as, for example, a subdural 
hematoma with an associated intracerebral 
hematoma, can be suspected on the basis 
of the lateral scan. 

Epidural Hematoma (Vig. §;and 6, £ and 
B). To date, we have not had sufficient 
cases of epidural hematoma to assign any 
specific diagnostic features to the process. 
At this time, we feel that the epidural 
hematoma is indistinguishable from the 
subdural hematoma bv scan. The difter- 
ential diagnosis between the two lies pri- 
marily in the arteriographic and postopera- 
tive findings. 

Intracerebral Hematoma (Fig. 7; and 8, 
A and B). The intracerebral hematoma 
is quite distinctive in character from the 
other abnormalities presented in this paper. 
[ts location is usually well within the sub- 
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liG. 4. Case п. Bilateral subdural hematoma. (4) Right and (B) left carotid arteriograms. 
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stance of the cerebral cortex and it is more 
localized in appearance. It can be dif- 
ferentiated from tumor and infarction bv 
its variable distribution and irregular pat- 
tern. 

Cerebral Contusion (Fig. 9, 1 and B). In 
contrast to the subdural hematoma, the 
cerebral contusion generally presents a 
more localized area of radioactive uptake 
on both the anterior and lateral scans. The 
majority of our contusions have appeared 
in the lateral aspects of the temporal lobe 
and a significant number have been on the 
side opposite to tne direct trauma indi- 
cating contrecoup injuries. Generally, a 
contused area of the brain appears to re- 
solve within 6 to 10 weeks, with the scan 
reverting to normal. 

Cerebral Infarction (Fig. 10, 4 and 8; 11, 
4 and B; and 12, 4 and B). The cerebral 


infarct has two distinctive characteristics 








Fic. 5. Case ru. Left epidural hematoma. 
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lic. 6. Case 1. Left epidural hematoma. (4 and B) Left carotid arteriograms. 


that set this lesion apart from those pre- 
viously mentioned: (1) the affected area T 
has an unusually intense pickup of the 
radioactive. compound; (2) the area of 
radioisotopic concentration follows a famil- 
iar geographic distribution coinciding with 
an area of the brain served by a principal 
nutrient artery. In the case presented, 
Figure 104 demonstrates the preoperative 
findings. A metastatic tumor in the area of 
the anterior fossa 1s noted. At the time of 
surgery, the anterior cerebral artery was 
transected in the process of removing this 
lesion. Figure 108 shows the brain scan 12 
hours postoperatively; the infarct is clearly 
demonstrated on the scan. Figures 11, 4 
and B, and 12, 4 and В are the pre- and 
postoperative arteriograms. It can be seen 
that the postoperative arteriograms show 
lack of filling of the anterior cerebral artery 
on the affected side. 





KINETICS OF RADIOISOTOPIC LOCALIZATION 


It is assumed that localization of radio- 
active compounds by intracranial neoplasm 
results from a selective breakdown of the 
normal blood-brain barrier in the area of | 
pathologv. This barrier breakdown then Fıc. 7. Case ту. Intracerebral hematoma. 
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Fic. 9. Case v. Left cerebral contusion. (4) Scan made 24 hours post trauma. (В) Scan made 47 days later. 
Note marked resolution of lesion. 
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tic. 10. Case vr. (4) Preoperative brain scan. Note large metastatic lesion in area of anterior fossa. (В) 
Right postoperative brain scan. Note large localization in area served by anterior cerebral artery. 


permits the entry of normally rejected com- 
pounds into the cerebral tissues. The entry 
of radiomercury into the areas of contusion, 
infarction and intracerebral hematoma 
probably follows a similar pathogenesis. 
Collection of radioactivity in subdural 
hematoma appears to follow a somewhat 
different route. We have collected samples 
of subdural fluid and subdural membrane 
at the time of surgery and exposed them to 
assay for radioactive content. In all cases 
the subdural membrane has yielded a most 
significant accumulation of radioactivity 
with the subdural fluid itself being rela- 
tively free of radioactivity. Mealey® has 
carried this work further under laboratory 
conditions and produced excellent experi- 
mental data which confirm the above. It 
would seem then that subdural lesions with 


definite membrane formation are most 
amenable to detection by the brain scan- 
ning. 


SUMMARY 


The radioisotopic cerebral scan is a valu- 
able adjunctive method in the diagnosis 
and measurement of intracranial lesions 
secondary to trauma. The scan does not, 
however, replace any of the accepted 
diagnostic radiographic techniques. The 
principal advantage of the scan lies in its 
capability to serve as an innocuous screen- 
ing procedure on patients with equivocal 
neurologic findings. By initially screening 
our patients with brain scans, we were able 
to limit our final series of patients under- 
going angiography to roughly half of the 
original group. At this stage of develop- 
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Јао. 11. Case vi. (4 and B) Preoperative right carotid arteriograms. Note filling of left anterior cerebral 
artery. The metastatic anterior fossa lesion is well demonstrated. 





Ела. 12. Case vi. (4 and £) Postoperative right carotid arteriograms following surgical transection and liga 
tion of left anterior cerebral artery. 
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ment we strongly feel that, once a lesion 
has been detected by scanning, further, 
more established diagnostic procedures, 
such as angiography, should be performed 
and indeed are of great importance. 


Albert J. Gilson, M.D. 
Department of Radiology 
University of Miami 
School of Medicine 
Miami, Florida 33136 
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MEASUREMENT OF THE MASS OF THE 
THYROID GLAND IN VIVO* 


By J. MYHILL, T. S. REEVE, and P. M. FIGGIS 


SYDNEY, AUSTRALIA 


EASUREMENT of the mass of the 

thyroid gland is important for two 
reasons. Firstly, in definitive treatment 
with iodine 131, the outcome depends on 
the radiation dose to the gland, and the 
least accurately determined factor in the 
calculation of this dose at the present time 
is that of the thyroid mass. Secondly, some 
of the quantitative physiologic findings in 
the study of nontoxic goiters may be purely 
mass effects, in contradistinction to specific 
changes of function, and this could be 
clarified by a measurement of the thyroid 
mass. 

Three methods of measurement are in 
use. The mass is most commonly estimated 
by palpation!* but this is rather subjec- 
tive and inaccurate. A method of “pneumo- 
thyroid" has been developed?4 which seems 
to be capable of comparatively high accu- 
racy, but is a specialized and time consum- 
ing procedure. In the third method, at- 
tempts are made to calculate the mass of 
the thyroid by using data obtained from a 
radioisotope scan. Radioactive iodine is 
administered to the patient and the thy- 
roid is scanned at a later time to determine 
its size and shape. Various geometric pa- 
rameters may be measured on this scan, 
such as the heights of the lobes, the width 
of the gland, and the area of the gland; and 
these parameters may be used in a formula 
to predict the thyroid mass. This approach 
involves two major problems; firstly, deter- 
mining accurately from the scan the bor- 
ders of the thyroid, and secondly, finding 
the formula which most accurately predicts 
the three dimensional volume (or mass) of 
the thyroid gland from information ob- 
tained in one plane only, or, depending on 
the technique, from two planes. 


Reports in the literature concerning the 
estimation of the mass of the thyroid gland 
are summarized in Table 1, which gives the 
formulae used, the values of the parame- 
ters in each formula, the number of glands 
analyzed and two measures of the accuracy 
of prediction. These measures are the differ- 
ence in grams between the predicted and 
true mass, and the percentage difference 
between the predicted and true mass. Data 
are presented from Williams et 4123 com- 
paring palpation estimates with the true 
mass, and from 6 groups! *5-? using the 
radioisotope scanning technique. A listing 
of thyroid weights and geometric parame- 
ters was not available for the pneumothy- 
roid technique to allow calculation of the 
differences between predicted and mea- 
sured masses. This technique is therefore 
not included in Table 1. 

The standard deviation of the per cent 
error is seen to vary greatly, averaging 20 
per cent for the isotope methods. 

The work described in this paper was 
undertaken to evaluate thyroid mass esti- 
mation by radioisotope scanning using 
simple equipment and a simple technique. 


" MATERIAL 


Twenty-five patients who had thyroidec- 
tomy for thyrotoxicosis or nontoxic goiter 
were subjected to sufficient measurements 
to include in some part or other of the 
study. Of these, 5 were males and 20 were 
females; 4 had diffuse thyrotoxic goiter, 2 
had multinodular thyrotoxic goiter, 3 had 
diffuse nontoxic goiter, 13 had multinodu- 
lar nontoxic goiter, and 3 had not been 
classified. Table 11 is a summary of these 
cases. 

The thyroid scans were made using a 


* From the Thyroid Investigation Clinic, the Institute of Medical Research, the Royal North Shore Hospital of Sydney, and the De- 


partment of Surgery, the University of Sydney, Sydney, Australia, 
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* Parameters taken from radioisotope scans of the thyroid, except where otherwise indicated, 


+ Visual outlines used. 


t Palpation estimates. Observed weight of thyroid gland was not corrected for thy-oid tissue left in neck, 


simple automatic scintillation scanning 
machine* by methods previously reported 


by Myhill гр al.” 


METHOD 


lodine-131 was administered to the pa- 
tient 1 or 2 davs before thyroidectomy and 
an in vive thyroid scan was made, generally 
the afternoon before the operation was 
scheduled. At operation, great care was 
exercised to remove the thyroid gland, or 
such part of it as was judged necessarv to 
be removed, in one complete piece. The 
technique of the operation has been previ- 
ously described." The thyroid was weighed 
and then carefully set upon a glass plate in 


* N.R.D. Instrument Co., St. Louis, Mo. 


the same position as it was in the patient's 
neck. An anteroposterior photograph of the 
gland was taken and a scan was made. Two 
days later, the thyroid tissue remaining in 
the patient's neck was also scanned zz vivo. 
Figure т, 4—D shows the 27 vivo scan before 
operation, the estimated outline of the 
gland, the photograph of the excised gland, 
and the scan of the gland of Patient 24. 
Firstly, using the corrected gland mass 
and the corrected gland dimensions taken 
from the photographs, an attempt was 
made to predict the gland mass from the 
photographic dimensions. The corrections 
referred to here are, of course, those neces- 
sitated by the fact that not all of the thy- 
roid gland was removed in most cases. 
Surgeons’ estimates of the amount of thy- 
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PATIENT MATERIAL* 
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-- Thyroid 
; Clinical Mass Estimated$ 
Goiter Goiter Surgically Total Thyroid 
Typet Size Roc M (m 
Gradingi (em) Ан 
N +2 29 34.9 
N +1 25 40.0 
N +2 | 38 42.2 
eis о 37 42.3 
N +2 a3 44.0 
N +1 48 56.5 
N +1 $3 60.0 
D +2 54 61.7 
р T3 58 64.4 
N +3 58 70.6 
D +2 82 96.5 
N +3 85 100.0 
N +3 99 104.2 
N +3 100 105.3 
D +3 (intra) 117 117.0 
N +3 106 161.4 
N + 3 (intra) 155 155.0 
N +4 (intra) 172 I81.I 
N +3 195 195.0 
N +3 (intra) 168 202.4 
D +3 (intra) 177 208 .2 
D +3 201 236.4 
D +2 252 252.0 
— +3 (intra) 252 265.3 
N +1 (intra) 98 — 


* A total of 35 patients were studied, but in 11 of these the surgeon did not feel that an accurate estimate of tissue left ін situ was 


830 
Serial Thyroid 
No. Age PEN State 

3 54 Е Euthyroid 

33 54 М Euthyroid 

16 36 F Euthyroid 
12 29 F Hyperthyroid 

14 32 Е Euthyroid 

36 53 F Euthyroid 

22 38 Е Euthyroid 
34 34 F Hyperthyroid 
32 32 F Hyperthyroid 

18 37 Е Euthyroid 
35 19 Е Hyperthyroid 
19 29 Е Hyperthyroid: 

20 65 Е Euthyroid 

7 63 Е Euthyroid 

2 48 M Euthyroid 
24 29 M Hyperthyroid 

I 44 M Euthyroid 

4 68 F Euthyroid 

13 — M Euthyroid 

27 53 F Euthyroid 

28 51 Е Euthyroid 

47 48 Е Euthyroid 
Іо — F Hyperthyroid 

21 70 Е Euthyroid 

39 64 M Euthyroid 

possible. 
+ N= multinodular, D= diffuse. 


| Size in neck graded азо, +1, +2, +3 or + 4, see text; “intra” signifies intrathoracic goiter. 
§ Weighed excised gland plus surgeon’s estimate of amount left in situ. 


roid tissue left and where it was left were 
used as correction factors to the weighed 
excised gland and measured photographic 
dimensions of the excised gland. 

Secondly, the outlines of the scans of the 
excised glands were determined visually, 
by simply drawing in a line which appeared 
to be the border of the thyroid gland on the 
scan. The dimensions of the excised glands 
as determined from these drawings on the 
scans were then compared with the dimen- 
sions on the photographs. This afforded 
some measure of the accuracy of determin- 
ing the borders of the thyroid gland from 


the radioisotope scan. 


Finally, the dimensions of the whole 
thyroid gland before operation, as deter- 
mined visually from the radioisotope scan, 
were used in formulae in an effort to predict 
the total in vivo mass; this was then com- 
pared with the corrected weighed mass. 


RESULTS 
THYROID CLINICAL SIZE GRADING 


The thyroid glands were graded empiri- 
cally into a rough classification as follows: 
o=no enlargement of the thyroid, or with 
only the isthmus palpable; -++-1=Ilateral 
lobes clearly palpable but not visible; 
4-2 = тойегаќе and visible enlargement of 
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the thyroid; 4-3- considerable palpable 
and visible enlargement of the thyroid; and 
+ а = gross enlargement. The size grading 
and the corrected gland mass are compared 
in Table 11, where it is seen that there is a 
consistent increase in the average mass 
with increasing clinical size grading. 


PHOTOGRAPHIC PREDICTION OF GLAND MASS 


In this comparison and the several de- 
scribed below, a number of different formu- 
lae was examined for predicting gland 
mass from the dimensions of the gland 
when viewed frontallv. These formulae fell 
into two classes: (1) simple proportionality 
formulae and (2) regression equations. The 
first class 15 really a special case of the 
second class, namelv, when the constant in 
the regression equation 1s zero. The formu- 
lae are listed in detail in the Appendix. 

As an illustration of the method of pre- 
senting the results, the case of formula (7) 
will be considered. Here the constant ДК; 1s 
defined for each thyroid gland as being the 
result of dividing the mass of the gland by 
the three halves power of the frontal area. 
The constant is averaged over several 
glands and then the predicted mass for 
each gland is calculated bv using this aver- 
age constant. The difference for each gland 
between the actual mass and the predicted 
mass is examined, as is also the percentage 
difference relative to the true mass. 

The comparison between. true mass and 
predicted mass as derived from the dimen- 
sions measured on the photographs 15 
shown in Table rv. For the small glands, the 
mass was predicted with an average stan- 
dard deviation of 40 per cent and for the 
large glands 25 per cent. 


COMPARISON OF DIMENSIONS FROM 
PHOTOGRAPHS AND SCANS 
The thyroid frontal area, height of left 
lobe, height of right lobe, and width were 
measured for each thyroid on the photo- 
graph and on the thyroid outline drawn on 
the radioisotope scan. T hese measurements 
are compared in Table v, where 1t 1s seen 
that there is no significant difference be- 
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ТАМЕ Ш 


COMPARISON OF CLINICAL SIZE GRADING WITH 
GLAND MASS AT THYROIDECTOMY 





Clinical No Thyroid Mass 
Goiter eek: (gm.) 
ж of i 
Size Cases pnamu—--——X————— ÓÓ—— ———— 
Sung TA Mean SD. S.F 
о i 42.3 em = 
+1 3 5252 10.68 Bs 
pea 6 88.52 83.10 33.92 
+3 8 Ios. — 19247 68.32 
Intrathoracic 
(+3, dd an 
188 


neck) б SB. 


i2 
Lay 
h- Q 
1“ 
+ 
o 
~ 


tween the dimensions derived from the 
photographs and those derived from the 
scans. 
PREDICTION OF THYROID MASS FROM 
RADIOISOTOPE SCAN 


The prediction of thyroid mass by simple 
proportionality formulae is evaluated 1 
Table vr and the prediction by regression 
formulae in Table vn. 

From Table vi it can be seen that the 
type of formula used made no difference in 
the accuracy of the prediction. For the 
small glands, the standard deviation of the 
differences was about 10 gm. and the stan- 
dard deviation of percentage differences was 
about 25 per cent. This applied irrespective 
of the formula used. For the large glands 
the standard deviation of the differences 
was about 45 gm. and the standard devia- 
tion of the percentage differences was about 
33 per cent. Thus, the smaller glands are 
more accurately estimated, but pu accu- 
racy of the estimation is in either case 
rather poor. 

Table уп shows that for small glands, the 
standard deviation of the percentage differ- 
ence averages 20 per cent, while that for 
large glands 1s 30 per cent. Once again, the 
small glands are estimated with a lower 
standard deviation, and predictions from 
the regression formulae are slightly better 
than those from the simple proportionality 
formulae, though the improvement is not 


marked. 
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Fic. т. Patient 24. (4) Radioisotope scan of thyroid gland zz vivo before operation. (В) Outline of the gland as 
estimated from the scan. (C) Photograph of the excised gland positioned on glass plate. (D) Scan of the 


excised gland. 


DISCUSSION 


While there is a definite correlation be- 
tween predicted and true mass, no one 
formula has evidenced any distinct superi- 
ority, nor is the accuracy obtained by any 
of them very great. With a standard devia- 
tion of the percentage differences equal to 
25 per cent, we may expect the true mass to 
lie within plus or minus 50 per cent of the 


predicted mass 95 per cent of the time. This 
amount of error, while large, is an improve- 
ment over simple clinical grading of goiter 
size, since, for example, the masses of 
goiters graded as +3 varied from 6o to 240 
gm. The improvement in mass prediction 
by the scanning method over a simple 
clinical grading may thus be represented by 
a factor of about 2. 
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Taste IV 
COMPARISON BETWEEN MASS PREDICTED FROM PHOTOGRAFHS OF EXCISED THYROID GLANDS 
AND WEIGHTS OF GLANDS PLUS SURGEON'S ESTIMATED CORRECTIONS 
Differences* Per Cent Differencest 
X о iv MRNRMAMMMMRRRERMRRRRHA!RENRNRNERERENERNRRRRNRRRERRRERRERNRREERENREELMEREE-———————— ———————Á—— 
of No. of Formula Used for Calculation (see Appendix) 
р 
Glan ds Саа I a msc ah D Mae DAG APARTE Sy um ; i ils A ES il NINE TERRENI M —————— 
| О @) (3 (Q (2 (9 @ (89 @ | © @ (QG) (0 (9 (0 (D (89 to 
ВН о I ава а а ос CMM CIL MM eT pes enm pe ME Tcp nU 
Size +r | | | 
ог + 2 ó | | 
Mean | | Pee 5.3 5O ĜI 48 54 УК. зри I3. | 41.0 314,9. 12.5 12.0 10.8 12.3. 450 22.5 die 
| AE | 
S.D. of | | 
individual | | | 
difference | | IZ. 2.5 WSF 15.1 14.7 13.5 10.9 21.5 26.1 | 38.8 33.6 40.5 34.1 34.6 37.3 25.9 52.7 79.97 
пета ји edicts apie oa i УНИ ————— n А EN sige ik PRU ОДЕН rei bc THURIS ETUR T UTENTE UR RES SEU VE d PEN. PDT POITRINE TIT Rx LU PH EP, ИРСТ? ЗРЕЛАТА МЕЧИТ — 
Size +5 | 13 | | 
Mean | | 77-0 40 3.0 2.5 39 17 6.2 —1.2 3.9 | -6,7 1.2 —O.9g 1.5 rr~o.8 2.2 фо 12 
S.D. of | | 
Е E i i 
individual i | 
difference | 24.8 44.7 47-6 35.3 43-4 44.9 49.5 30.85 41.0] 47.2 21.7 21.6 39.1 21.9 21.8 24.5 20.8 35.5 
oed адд, E | а и аи ара а ERES HORN ритам ткања љиљана ава anil ратовала RAAEN ава мале плата AAAA pov EMEN ле ПБ МИНИ ee PR RP Qul e gid CR НЕ ТЕЕ? -— 
All sizes | io | | 
Mean | | —6.6 4.4 3.6 3.6 3.6 2.9 4.9 23 1.3 | 5.2 40 33 Spo 42 34 3.1 Bor 1220 
E | 
S.D. of 
individual | | 
difference | 32.0 37.1 39.8 38.1 36.3 37.6 40.8 34.7 37.1 | 28.3 24.6 28.4 28.5 26.0 26.0 24.4 37.3 40.0 
| 2 ot 2o. | IE Me | | 
+ The mean difference under (1) is > (Kidi ~ Мр, where 2 == number of glands, Ё; is the mean Ki £6, c — |, 4iis the area of the 
У ode по А; 


i'^ gland and M; is the mass of the 2'" gland. The other mean differences are similarly defined. 


1002, (Kid; ~ Mi) 
+ The mean per cent difference under (1) is —— 


are similarly defined. 


, where the symbois have the same meaning, and the other relative differences 


t It was observed in retrospect that one gland had been poorly positioned on the glass plate in such a manner that it Jay considerably flatter than 
when in situ. The measured width, relative to its mass, was thus much greater than normal and the discrepancy introduced in the predicted mass was 
much greater when formulae employing the square of the width (formulae 8 and 9) were employed, as would be expected. 

* 


There is some possibility of improving 
the methods by using a slit collimator 
which would scan the gland in two mu- 
tually perpendicular directions. The bor- 
ders of the gland would be expected to be 
more accurately defined by this method. 
This was the method used by Burkinshaw,? 
though, as vet, there is no commercially 
available scanning machine which incorpo- 
rates a collimator of this type. However, 
the standard deviation by this method was 
still 20 per cent. 

Since estimated masses derived from 
photographic dimensions also give large 


standard deviations, the error must result 
mainly from the variety of shapes observed 
in thyroid glands rather than the isotope 
techniaue. 

By estimating the mass of the thyroid 
gland by a scanning method, some of the 
uncertainty in the calculation of millicurie 
dosage in iodine 131 therapy can be re- 
moved.? It will be interesting to see what 
effect this has on a rational dosage system 
for DP? therapy of thyrotoxicosis and 
whether the delayed incidence of hypo- 
thvrodism can be correlated with the 
radiation dose. 
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TABLE V 
COMPARISON OF DIMENSIONS FROM PHOTOGRAPHS AND SCANS 
мае SE А р 
Glands oars Mean (approx.) 
photograph) 
Size --1 or +2 6 
cm.? 2.4 I.9 1.23 0.25 
Height left, cm. —0.2 0.27 0.73 0.45 
Height right, cm. —0.18 0.30 0.61 0.55 
Width, cm. 0.07 O.II 0.61 0.55 
| Size +3 13 
Area, cm.* -—1.7 2.0 o. 82 0.45 
Height left, cm. —0.26 O.2I 1.27 0.25 
Height right, cm. —0.03 0.18 0.18 0.85 
Width, cm. 0.04 0.26 0.15 0.85 


* Testing the significance from zero of the mean differences, using the Student t-test. 


TABLE VI 
EVALUATION OF PREDICTION OF GLAND MASS FROM SCAN BY SIMPLE PROPORTIONALITY FORMULAE" 










Differences (gm.) Relative Differences (96) 






No. of Formula Used for Calculation (see Appendix) 





(7) (9) 





(5) (8) 





(4) (6) 


























Mean —0.29 4.6 5.5 2.4 2.2 3.8 85.5 2.0 2.7 3-3 6.5 7.3 4.4 4.0 5.8 52 4.8 ggo 

S.D. 9.8 14.9 15.4 9.4 II.2 II.5 II.O 9.9 IO.4 | a1.1 26.8 27.7 22.1 23.8 34.3 23.7 23-9 23.7 

S.E. 3-3 5.0 зї f 87 38 3.6 3.3 3.8 то Во 9.2 7.4 7-9 82 7.9 8.0 7.9 
Size +3 

Mean —3.8 —1.0 O.9 —I.9 -—0O.I —2.1 —2.5 —1.5 —0.9 о.о 8.2 g.8 93 9.7 8.7 79 0.4 10.8 

S.D. 46.8 48.0 41.7 45.4 44.4 44.5 41.9 50.I 51.2 35.4 29.9 30.0 33.1 31.3 31.6 30.6 33.5 35.3 

S.E. I4.I 13.2 12.6 13.7 13.4 13.4 12.6 15.1 15.4 10.7 9.0 9.3 10.0 9.4 9.5 9-2 ro.1 10.6 











* The differences are calculated in the same manner as in Table tv. 


While we believe that thyroidectomy or 
an antithyroid drug is the indicated treat- 
ment for most patients with thyrotoxicosis, 
it nevertheless seems worthwhile to expend 
some effort in making the alternative form 
of therapy (dosage with iodine-131) as 
satisfactory as possible by measuring the 
thyroid mass with the radioisotope scan- 
ning technique and using this information 
to more accurately assess the correct ther- 
apy dose. 


SUMMARY 


A method of measuring the mass of the 
thyroid gland in vivo by radioisotope scan- 
ning has been investigated in a series of 25 
patients. 

By comparing the scans of excised thy- 
roid glands with the photographs of these 
glands, it was found that the frontal dimen- 
sions of a gland could be satisfactorily 
predicted from the scan of the gland. How- 
ever, the thyroid mass could only be pre- 
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EVALUATION OF PREDICTION OF GLAND MASS FROM SCAM BY REGRESSION FORMULAE? 


Differences (gm) 


Хе. 
j ol Н 


No. of Formula Used for Calculation (sce Appendix} 





| Relative Differences 152) 


ints - m""""————————— jm—————————— QÓ- EN ЛОО n 


| (тој (11) {82} (13) — (14) 15: (16) (17) (:8) | (10) (rr) (r2) (из) (23) (15) GO) (17) 118) 
Size +i ; | 
or +- о: 
i : А | 
Mean | DLS ОКО BOG 0.20 0.027 SOs 990. ees о | O 47 4-3 34 24 23 X4 3b dog 
S.D, [10.7 10.4 9.4 yO 9.4 8.3 3.5 5.7 S.4 | 21.6 19.5 21,8 20.6 20,6 18.6 r9. 8 18.8 19.4 
S.E. | а“. bug 5.1 4.3. 2» 28 2.8 i 2.8.1 7.2 05 7.23 6.9 eg: 6.2 20.0. 0.3 3X3 
Se o3 11: | 
Mean POSE 0.40 a. go —0.77 0.23 0.082 O3 06.29 23.634] 7-5 3.5 49,9 aia $3 QË gq Bo 5? 
S.D. Po 43-5 43.2 Ро Sr.1 40.6 — 41.3 45.4 43:56 42.2 28,0 28.2 33.2 33.7 29.4 30.1 30.0 28.7 28.9 
SE. 13.1 13.0 15.4 g.g 12.2 2.5 13.6 БР op; Ба 5.3 10.0 Y0,2 8.6 qr qo 3.6 8,7 
i i 


* The differences are those between the actual masses and those predicted by the 


dicted from either the photograph or the 
scan with an average standard deviation of 
30 per cent of the true mass. 

The limit of accuracy would seem to be 
imposed by the variety of shapes observed 
in thvroid glands, the shape sometimes 
depending to a large extent upon the size of 
the gland. 

The estimation of the mass bv radioiso- 
tope scanning 1s more accurate than that 
obtained by palpation. 

J. Myhill 


The Royal North Shore Hospital of Sydney 
Crows Nest, N.S.W., Australia 


APPENDIX 


FORMULAE FOR THE PREDICTION OF THYROID 
GLAND MASS * 


1. Simple Proportionality Formulae. 


The following nine constants were calcu- 


lated for each gland. 


(1) Ay 


( 2) Koa 


regression formulae in the Appendix. 


9) Ka n УНР 
(d И 


(B) Ke m e 


(9) Ka 


Here, M = mass of the thyroid, 24 = fron- 
tal area, W = width viewed frontally, Mase 
= average height of the lobes, На = maxi- 
mum height of the lobes. 

The average constant was calculated in 
each case, and the predicted mass obtained 
as М, = Kyu for the predicted mass of 
the first gland using the first constant, and 
similarly for other glands and constants. 


В) 


зане д 


Regression Formulae. 


The following formulae were fitted bv 
regression analvsis to the observed values 
of M, Н, И, and A, thus ме пе the values 
of the constants a, 8, у and 6. 


A 


(10) ——- = ad + 6 


+ MBX 


836 











J. Myhill, T. S. Reeve and P. M. Figgis Avousr, 1965 


но“ aA + Bs 
М 
Hu = oa? + Bi 
M 
HU о” + В, 
М = 74 tà 
М = үз4И + ба 
М = vat Haa + à 
М = АУН. + ба 
М = yet? + 0 


Using the observed values of И, W and 4 
and the calculated values of the constants, 
the predicted masses were calculated. 
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A DIAGNOSTIC PITFALL WITH 
RADIOIODINE SCANNING* 
By EDWIN С. ZALIS, CAPTAIN, MC, RICHARD В. ELLISON, CAPTAIN, MC, 
and O'NEILL BARRETT, Jr., MAJOR, MC 


SAN FRANCISCO, CALIFORNIA 


HE radioiodine scintiscan is an impor- 

tant diagnostic tool in evaluating 
thyroid disease. It has been especially help- 
ful in demonstrating functioning metastatic 
carcinoma to lymph nodes, lung and bone.’ 
It is the purpose of the authors to direct 
attention to a possible pitfall in scintiscan 
interpretation. 


REPORT OF A CASE 


A 35 year old Oriental woman was discovered 
to have a thyroid nodule during the third tri- 
mester of pregnancy. One month post partum 
she was referred for evaluation to the Radio- 
isotope Clinic. A firm, 1 cm. nodule was noted 
at the junction of the left lobe and the isthmus. 
A scintiscan demonstrated the nodule to be 
nonfunctioning, and exploratory surgery was 
recommended. Ten days later surgery was per- 
formed, and a tumor involving the isthmus of 
the left lobe of the thyroid gland with extension 
outside the gland was found. The recurrent 
laryngeal nerve was involved, and many firm, 
stone-hard, fixed lymph nodes involving the 
left jugular chain and carotid sheath were 
present. À total thyroidectomy was performed. 

The histologic diagnosis was papillary 
adenocarcinoma of the thyroid. Postopera- 
tively, the patient was treated with external 
radiation therapy and received a tumor dose of 
4,000 rads through an 8 by 12 cm. anterior neck 
port, over a 6 week period. Subsequently, she 
was referred to the Isotope Clinic for postopera- 
tive evaluation. She was given 387 uc of |?! 
orally for a neck and chest scintiscan. The 24 
hour [?! uptake was 1.7 per cent and the scin- 
tiscan demonstrated well localized uptake of 
the radioiodine just to the left of the midline in 
the approximate area of the thyroid gland (Fig. 
1). This was thought to represent residual 
thyroid tissue. The scintiscan over the chest 
demonstrated considerable activity over both 
lung fields, considered to be compatible with 
diffuse pulmonary metastases. A chest roent- 





Fic. 1. Racioiodine scintiscan of the neck and chest 
which demonstrates considerable activity over 
both lung fields as well as localized activity in the 
area of the thyroid gland. 


genogram was obtained to determine whether 
lesions were demonstrable roentgenographically. 
On overlaying the scintigram on the chest 
roentgenogram, it was apparent that the areas 
of increased activity over the lung fields cor- 
respondec to the breast shadows on the roent- 
genogram (Fig. 2). It was suspected that the 
breasts were the source of the radioactivity. 
On further questioning, it was learned that 
the patient was still actively lactating. A repeat 
scintiscan was performed with the patient in 
the supine position with her breasts bound in 
the middle of the chest. Figure 3 is a superim- 
position of the scintigram over the roentgeno- 
gram taken in this position. This maneuver 
demonstrated a shift of the radioactivity from 
the area cf the lung to the area of the breasts in 
the midline. No activity in the lung fields was 
noted. These maneuvers established that the 
previously noted activity throughout the lung 
parenchyma was, in reality, from the breasts 


* From the Department of Medicine and Radiology Service, Letterman General Hospital, San Francisco, California. 
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Fic. 2. An overlay of the scintiscan shown in Figure 
I on a posteroanterior erect roentgenogram of the 
chest which demonstrates that the areas of in- 
creased activity correspond to the breast shadows. 


which were actively secreting I?!, This was 
confirmed by counting the activity of a 3 cc. 
sample of breast milk which was observed to 
have 237,323 cpm at the time of the repeat 
scintiscan. [n the absence of demonstrable func- 
tioning metastases, no radioactive iodine ther- 
apy was given. She was continued on a daily dose 
of 180 mg. of desiccated thyroid for TSH sup- 
pression, 


DISCUSSION 


Iodine is known to be secreted in breast 
milk in а physiologically significant 
amount.? Likewise, radioiodine used for 
diagnostic thyroid studies has been demon- 
strated to be excreted in human maternal 
milk.?:45 

In this case, a radioiodine scintiscan was 
made during lactation. The resultant con- 
centration of radioactivity in the breasts 
led to an initial false interpretation of its 
localization and metastatic carcinoma of 
the lungs was suspected. Correct interpre- 
tation was made after repeating the scan 
with displacement of the breasts as de- 
scribed above. This possible source of con- 


Fic. 3. An overlay of a repeat scintiscan on a supine 
chest roentgenogram. Both the scintiscan and the 
roentgenogram were obtained with the patient's 
breasts bound in the midline of the chest. This 
maneuver demonstrates a shift of the radioactivity 
to the area of the breasts in the midline. 


fusion should be considered when making a 
chest scintiscan. 


O'Neill Barrett, Jr., Major, MC 
Department of Medicine 
Letterman General Hospital 
San Francisco, California 94129 
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THE PREOPERATIVE DIAGNOSIS OF SPLEEN 
CYSTS BY SCINTISCANNING 


REPORT OF A CASE 


By JOSEPH A. VOLPE, CAPTAIN, MC,* and GERALD L. DENARDO, MAJOR, MC} 


DENVER, COLORADO 


YSTS of the spleen are rare lesions, 

occurring less frequently than cystic 
disease in any other abdominal viscera.? 
The diagnosis may not be considered in the 
evaluation of the patient with splenomeg- 
aly. In most cases the patient is asympto- 
matic or symptomatology is vague. The 
palpable abdominal mass 15 nonspecific and 
the routine laboratory data are nondiag- 
nostic. Many of the splenic cysts have been 
incidentally discovered at surgery. 

Diagnosis has depended upon the demon- 
stration of calcification of the сузе 1072 
However, Qureshi e 4/.'? noted that only 50 
of 421 cases of splenic cysts found in the 
literature contained calcium. Schechter 
et al. reported that only 1 case in 10 con- 
tains calcium. Displacement of the stomach 
to the right and downward displacement of 
the splenic flexure on barium study or 
downward displacement of the left kidney 
on excretory urography suggest splenic 
enlargement. 

Recently, the technique of radioisotope 
scintiscanning of the spleen has permitted a 
more precise method for evaluation of its 
size and contour. Several milliliters of the 
patient’s erythrocytes are labeled with 
radioactive chromium (Cr?), then heat- 
treated and reinjected into the patient. 
Such erythrocytes have an increased me- 
chanical and osmotic fragility and are 
selectively sequestered in the spleen. A 
scintiscan of the spleen can be obtained 
because of the gamma photon of the radio- 
active chromium.??)* The following case 
illustrates the usefulness of this technique 
in the preoperative diagnosis of cysts of the 
spleen. 


* Resident, Internal Medicine, Fitzsimons General Hospital. 


REPORT OF A CASE 


A 14 year old Caucasian female was admitted 
to Fitzs mons General Hospital after а left 
upper quadrant mass was discovered during a 
routine physical examination. She was asymp- 
tomatic and had no history of abdominal 
trauma, pregnancy, bleeding tendency, serious 
infections or jaundice. She was an enthusiastic 
horseback rider but denied any injuries. 

Physical examination was normal except for 
a firm, nontender mass palpable in the left up- 
per quadrant of the abdomen, 5 cm. below the 
left costal margin. This mass descended with 
inspiration and was interpreted to be an en- 
larged spleen. 

Routine laboratory tests, hematologic studies 
and the chest roentgenogram were normal, A 
barium enema study revealed downward dis- 
placement of the transverse colon. An excretory 
urogram suggested an extrinsic mass which dis- 
placed the left kidney downward (Fig. 1). No 
calciura could be identified in the area of the 
mass. 

Anterior, posterior and left lateral scintiscans 
of the spleen were made using the methods de- 
scribed by Wagner et a/.8 and by Johnson and 
Herion.? There was increased concentration of 
radioactivity in the liver, indicating impair- 
ment of splenic function. The majority of the 
spleen. was replaced by a large ovoid lesion, the 
tip of which corresponded to the palpable ab- 
dominal mass. Only a small rim of functioning 
splenic tissue was present as manifested by 
concentration of radiochromium (Fig. 2, 4, B 
and €). An anterior liver scintiscan using col- 
loidai gold (Au!?*) disclosed the left lobe of the 
liver to be small with a concave border further 
outlining the splenic mass (Fig. 3). On the 
basis of the spleen and liver scintiscans, a large 
splenic cyst was presumed to be present. 

Celiac and selective splenic arteriography 
was performed under local anesthesia by the 


+ Chief, Radioisotope Section, Fitzsimons General Hospital; Assistant Clinical Professor of Radiology, University of Colorado School 
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Fic. І. Excretory urogram. The left kidney (arrow) 
is displaced downward by a large extrarenal mass. 


percutaneous catheterization of the left axillary 
artery. The branches of the splenic artery were 
stretched around a large mass which corre- 
sponded in size and location to that identified 
on the splenic scintiscan. The radiopaque ma- 
terial pooled in the inferior portion of the 
spleen. The left hepatic artery was small (Fig. 
4, 4 and B). 

At exploratory laparotomy, a large cystic 
mass occupied the entire upper, medial and 
posterior portion of the spleen and was ad- 
herent to the diaphragm. A splenectomy was 
performed. The patient recovered unevent- 
fully and was discharged on the seventh post- 
operative day. 

The spleen weighed 1,360 gm. and contained 
а 10X7.5X6.5 cm. cyst at its superior and 
middle portion (Fig. 5, 4 and 8). When opened, 
the cyst was trabeculated and filled with a 
brownish-red liquid. Microscopic sections of 
the inferior tip of the spleen revealed normal 
splenic architecture. The cyst wall was com- 
posed of dense hvalinized fibrous connective 
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Fic. 2. Radiochromium spleen scintiscans. 
(4) Anterior. A small rim of functioning 
splenic tissue concentrates radioactivity 
(arrows). (B) Posterior. An increased 
concentration of radioactivity in the liver 
is demonstrated (arrow) indicating 1m- 

ll uou paired function of the spleen. A larger 

amount of splenic tissue is seen on this 
view. (C) Left lateral. The rim of splenic 
tissue is better defined. The upper border 
Is concave and attenuated (arrows) sug- 
gesting a large ovoid lesion. 
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с. 5. Gross specimens. (4) Posterior view of the 
spleen demonstrating the large cystic mass. (8) 
Opened cyst with trabeculated wall. 
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liG. 3. Colloidal radiogold liver scintiscan. The liver 
and spleen are visualized. The concave upper 
border of the functioning splenic tissue is demon- 
strated (arrows). The left lobe of the liver is also 
concave, further defining the splenic mass. 


Fic. 4. Splenic arteriograms. (4) The branches of the splenic artery (arrows) are stretched around the large 
mass. (B) The radiopaque material pools in the inferior portion of the spleen (arrow). 
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tissue. No epithelial lining was identified. There 
was a considerable amount of scattered calcium 
in the cyst wall. The appearance was charac- 
teristic of a hemorrhagic cyst of the spleen. 


DISCUSSION 


This case report demonstrates the useful- 
ness of spleen and liver radioisotope scinti- 
scans and splenic arteriograms in the differ- 
ential diagnosis of abdominal masses. 

Abnormalities of the left kidney, pan- 
creas, left lobe of the liver, omentum, gas- 
trointestinal tract and retroperitoneal area 
may present as a left upper quadrant ab- 
dominal mass. Splenomegaly due to sys- 
temic diseases, such as the leukemias, lym- 
phomas, reticuloses and infectious diseases, 
may also present in this fashion. The his- 
tory, physical examination, clinical labora- 
tory tests and roentgenographic study of 
the gastrointestinal tract and kidneys 
usually indicate the source of the mass. 

Solitary lesions of the spleen may be solid 
or cystic. Solid lesions consist of primary 
tumors of the spleen including hemangio- 
mas, lymphangiomas, fibromas, dermoids, 
hamartomas and sarcomas. 

Cysts of the spleen have been classified 
by Еотјег.+5 The only parasite that pro- 
duces cysts in the spleen is Echinococcus 
granulosus and this is a rare location for 
such cysts. Nonparasitic cysts are classified 
as primary or true cysts which contain a 
cellular lining, and secondary or false cysts 
without a cellular lining. Primary cysts are 
congenital, traumatic, inflammatory or 
neoplastic. Secondary cysts are usually 
associated with trauma to a previously 
diseased or normal spleen.! The trauma 
may have been quite remote in time and in 
many no history of injury is obtained. 

Splenic scintiscanning and arteriography 
assume major diagnostic importance with 
solitary space occupying lesions. Cysts of 
the spleen have been diagnosed preopera- 
tively by percutaneous puncture of the 
cyst and by splenoportography.?* How- 
ever, these procedures are hazardous espe- 
cially if the cyst should be a hydatid cyst. 
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In contrast, splenic scintiscanning is with- 
out morbidity. 

As demonstrated by our case as well as 
by a patient reported by Wagner et al.” a 
large cyst is readily apparent on the scin- 
tiscan as an area which fails to concentrate 
any radioactivity. The border is sharply 
circumscribed. Small or multiple cysts may 
be difficult to differentiate from multiple 
abscesses of the spleen. However, abscesses 
usually have an irregular border on scin- 
tiscans, and the clinical picture will differ- 
entiate the two.*” 

Solid tumors of the spleen have not been 
studied adequately by scintiscanning tech- 
niques. Benjamin e al! have reported a 
case of hemangioma of the spleen with a 
scintiscan pattern similar to that in our 
patient. Other cases have not been re- 
ported. Presumably, some solid tumors 
may be distinguished from cysts on scin- 
tiscans because they do not completely 
replace the splenic tissue. Splenic arteri- 
ography may assist further in the differen- 
tiation of solid from cystic lesions. The 
angiogram in our case revealed complete 
avascularity of the mass, suggesting a 
cystic lesion. A solid lesion such as a hamar- 
toma is usually vascular and shows vascu- 
lar lakes within the tumor." 


SUMMARY 


A patient is reported in whom the diag- 
nosis of a splenic cyst was established prior 
to surgery. Radioisotope scintiscans of the 
spleen and liver and splenic arteriography 
permitted this preoperative diagnosis. The 
differential diagnostic considerations and 
the advantages of radioisotope study are 
discussed. 


Gerald L. DeNardo, Major, MC 
Fitzsimons General Hospital 
Denver, Colorado 80240 
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ISOTOPE LOCALIZATION AND SCANNING 
OF THE PLACENTA 


By EDWARD W. KLEIN, LCDR, MC, USN,* and HERBERT С. HOPWOOD, Jr., LCDR, MC, USN} 


GREAT LAKES, ILLINOIS 


ROWNE and Veall first reported the 

use of sodium 24 for localization of the 
human placenta in 1950. Since that time, 
numerous techniques have been developed 
using iodine 131 and iodine 132 tagged 
human serum albumin as tracer material. 
Paul et al??? in recent years, have advo- 
cated the utilization of Cr" tagged erythro- 
cytes which has the advantage of lower 
radiation exposure to both the mother and 
fetus. 

The benefits derived from accurate pla- 
cental localization in placenta previa are 
well documented.: "81-4 Radioisotope lo- 
calization of the placenta is based upon the 
premise that the placenta represents a large 
blood pool wherein the isotope may accu- 
mulate and be detected. With this proce- 
dure it has been clearly shown that the 
radiation dosage to the maternal abdomen 
and gonads, as well as the fetal whole body 
radiation, is reduced far below levels which 
are received by the appropriate roentgen 
placentography.*^79 The exact radiation 
dosage to the fetal thyroid is in a state of 
controversy. The placenta has been shown 
to be relatively impermeable to RISA ;*5.7.4 
thus, the majority of fetal thyroidal irradi- 
ation results from the gamma radiations 
emitted in the maternal circulation and 
placenta. Metabolic degradation of RISA, 
plus small amounts of contaminant, results 
in concentration of inorganic Г in the 
fetal thyroid itself. The combined exposure 
resulting from a 5 uc dosage has been calcu- 
lated to give a maximum dose to the fetal 
thyroid of 2,500 millirads. This estimated 
dose is calculated without blocking the fetal 
thyroid with Lugol's solution or potassium 
iodide. Weinberg et a/.4 estimate the dose 


to the fetal thyroid at 26 millirads for a 5 
uc injection, utilizing an effective half life of 
4.7 days. The utilization of Lugol's solu- 
tion, at least 24 hours prior to the adminis- 
tration of the isotope, is widely used to 
block the fetal and maternal thyroid uptake 
of I, This specifically minimizes irradia- 
tion of the gland. The total maternal radia- 
tion for an average patient, again utilizing 5 
uc, is less than 44 millirads. For the fetus, 
the total body radiation is, as stated previ- 
ously, almost entirely from gamma rays 
emanating from the maternal circulation 
and is estimated in the vicinity of 5 milli- 
rads.'* 

The procedure of placental localization is 
shown to be uniformly reliable and most 
authors report an accuracy of greater than 
gO per cent. 


TECHNIQUE 


We have adopted the technique outlined 
by Visscher and Baker,? with excellent 
results. The patients are given 20 drops of 
Lugol's solution, orally, 2 to 6 hours before 
examination. Routinely, 5 uc of RISA is 
injected intravenously. A 10 minute period 
is allowed for tlie isotope to mix thoroughly 
in the maternal circulation. During this 
time, the abdominal surface over the gravid 
uterus is divided into 12 approximately 
equal sections. This is done by measuring 
the length of the fundus above the symphy- 
sis and dividing this area into 4 equal hori- 
zontal parts. Each horizontal part is then 
divided into thirds. The xiphoid is also 
marked and used as a reference point. A 2 
or 1 inch scintillation detector, without 
collimation, is placed flush with the skin 


surface. Successive counts are taken over 


* Staff Radiologist. Director Radioisotope Department, О. S. Naval Hospital, Great Lakes, Illinois. 
+ Department of Obstetrics and Gynecology. Presently at U. S. Naval Hospital, Bethesda, Maryland. 
The opinions expressed are those of the authors and do not necessarily represent the views of the Navy Department. 
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Fic. т. Example of placental counts obtained. The 
average of the highest percentage (148 per cent) 
and the lowest (54 per cent) is 101 per cent. There- 
fore, the significant counts will be above this num- 
ber. The placenta in this case is localized to the 
upper left uterine segment anteriorlv. 


the xiphoid and over the center of each 
section. Pre-set counts are taken (minimum 
of 2,560 counts) over the xiphoid and over 
each section. With the xiphoid count taken 
às IOO per cent, counts over the 12 sections 
are expressed as a percentage. 
Interpretation of the results, as a rule, is 
not difficult. Numerous formulae have been 
used to determine which of the percentage 
counts are significant. The average of the 
highest and lowest counts has been shown 
to be of value in two ways. The percentage 
counts above this average are usually 
grouped together over the placental site 
and constitute the significant counts. The 
average figure is also of value in determin- 
ing whether or not the placenta is on the 
anteroposterior wall of the uterus. If this 
value is above 70, the placenta is most 
likely to be found on the anterior wall and, 
if below 70, on the posterior wall. Occa- 
sionally, all the counts appear to be base- 
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lic. 2. Photograph taken during the scanning pro- 
cedure. The mechanical bed is lowered or raised as 
needed with each passage of the probe. 


line, and the placenta is then diagnosed by 
exclusion as being on the posterior mid-line 
wall of the fundus. A typical case is shown 
in Figure 1. 


PLACENTAL SCANNING 


At the present time, the authors quite 
well realize that placental scanning offers 
no significant advantage over the conven- 
tional method of isotope localization. We 
feel, however, that in the future, with im- 
proved instrumentation, placental scan- 
ning, with direct visualization of the pla- 
centa, may very well replace the present 
system of isotope localization. We have 
attempted to demonstrate placentas bv 
scanning 2 patients with suspected placenta 
previa. Both patients were in good condi- 
tion, presenting no contraindication to 
scanning. The placentas were localized, as 
outlined above, with 8 uc of RISA. Both 
placentas were shown to be previa and 
photoscans were attempted. Utilizing a 
Nuclear Chicago Dual Scanner with a 19 
hole course focusing collimator, the patient 
was scanned over the area of suspected 
placental localization. The factors utilized 
were pulse height discrimination centering 
about the 364 kev. window of I5!, Scanning 
speed was 18 cm. per minute, 10-30 per 
cent maximum count acceptance. With this 
technique, a mechanical bed is mandatory 
(Fig. 2). The attendant takes care of the 





ic. 3. Case 1. Placental scan outlining the pla- 
centa as a large area of isotope concentration in 


the lower left pelvis extending over the region of 


the os. 


patient throughout the scanning and lowers 
or raises the bed with each passage of the 
probe, thus maintaining a fairly constant 
focal distance. The two resulting photo- 
scans gave a fair outline of the placentas. 
Both patients underwent cesarean section 
and, at the time of surgery, the visualized 
placentas were localized to the area shown 
on the photoscan (Fig. 3; and 4). These 2 
cases are presented in detail. 





lic. 4. Case п. Placental scan shows a well defined 
area of isotope concentration in the lower right 
pelvis extending well across the midline. (Arrow on 
the left points to right iliac crest, arrow on the right 
points to symphysis pubis.) At surgery, a placenta 
previa centralis was found. 
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REPORT OF CASES 


САВЕ 1. B.M., a 3c year old gravida 12, para 
4, abortion 7, was admitted at 38 weeks’ gesta- 
tion to the Obstetrical Service of the U. S. 
Naval Hospital, Great Lakes, Illinois, with the 
complaint of painless vaginal bleeding. Pelvic 
examination was deferred, but clinical impres- 
sion was of a term size infant in unengaged 
breech position. The patient’s vaginal bleeding 
spontaneously stopped and after 24 hours of 
observation, during which time she received 
Lugol’s iodine 10 drops every 3 hours, a pla- 
cental localization using RISA was performed. 
The impression both by isotope localization 
and placental scan (Fig. 3) was that the pla- 
centa was localized to the left lateral wall of the 
uterus, extending well into the minor pelvis. 
The patient spontaneously went into labor 
while in the hospital and a double set-up exami- 
nation performed in the operating room re- 
vealed a placenta previa. Upon performing a 
classic cesarean section, the placenta was 
shown to extend onto the left lateral wall, 
covering 95 per cent of the internal cervical os. 
The postoperative course of both mother and 
infant was uneventful, and both appear in ex- 
cellent health. 


Case rr. M.P., а 30 year old gravida 6, para 3, 
abortion r (stillborn twins), was admitted to 
the Obstetrical Service of the U. S. Naval 
Hospital, Great Lakes, Illinois, at 32 weeks’ 
gestation with the complaint of painless vaginal 
bleeding. Pelvic examination was deferred, but 
clinical impression was of a 75 month 
uterus with the fetus in transverse lie, face look- 
ing at the internál cervical os. The patient spon- 
taneously ceased bleeding, was primed with 
Lugol's iodine, and using 8 uc RISA, а placental 
localization and photscan were performed. The 
placentogram defined the implantation as ex- 
tending from the right lower uterine wall across 
the pelvic mid-line. The placental scan con- 
firmed this (Fig. 4). The patient was observed in 
the hospital and spontaneously went into labor 
and began bleeding heavily through the vagina. 
A double set-up examination was performed in 
the operating room; placenta previa was de- 
tected. A low cervical transverse cesarean sec- 
tion was done and a placenta previa centralis 
was found. Unfortunately, the infant died 
within 48 hours due to prematurity. The mo- 
ther's postoperative course was uneventful. 
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SUMMARY 


1. Isotope localization (placentogram) of 
the placenta is reviewed. RISA placentog- 
raphy has proven to be of equal or greater 
accuracy than roentgen studies. It is safe, 
expeditious and inexpensive. Second tri- 
mester localization has been reported as 
accurate. 

2. Radiation exposure to mother and 
fetus from a 5 uc dose 18 significantly less 
than that received from roentgen placen- 
tographv. 

3. A method of this procedure is out- 
lined. 

4. Placental scanning in 2 patients is 
discussed and the case histories are pre- 
sented. 

Edward W. Klein, LCDR, MC, USN 
Department of Radiology 


U. S. Naval Hospital 
Great Lakes, Illinois 
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FAT ABSORPTION STUDIES AND SMALL BOWEL 
X-RAY STUDIES IN PATIENTS UNDERGOING Co* 
TELETHERAPY AND/OR RADIUM 
APPLICATION* 

By R. J. REEVES, M.D., P. J. CAVANAUGH, M.D., K. W. SHARPE, B.A., W. A. THORNE, 
M.D., C. WINKLER, M.D., and А. P. SANDERS, Рн.р. 


DURHAM, NORTH CAROLINA 


“> paper concerns a group of patients 
who received cobalt 60 teletherapy to 
the pelvis and intrauterine radium applica- 
tion. The variations observed in fat absorp- 
tion from the gastrointestinal tract and the 
results of the small bowel x-ray examina- 
tions made during the course of therapy are 
analyzed. 

Since the initial work by Walsh? in 1897, 
many studies have been performed on the 
various effects of radiation on the gastro- 
intestinal tract. Among these are reports by 
Warren e£ 47.45 and Martin and Rogers,’ 
describing the anatomic changes; Goodman 
et a].? Wallace,? and Conard? reported on 
alterations in motility. Reeves et al®? 
discussed the effects on the fat absorption 
in one group of patients undergoing con- 
ventional x-ray therapy and in a second 
group of patients undergoing Соб tele- 
therapy. 

Goodrich and Hickman, in a study of 48 
patients with a diagnosis of carcinoma of 
the cervix, found that a very low incidence 
of depression to abnormal levels occurred 
during therapy, at the completion of ther- 
apy and at 8 weeks after therapy with Соб 
irradiation. 


METHODS 


In the present series 38 patients receiving 
cobalt 60 teletherapy to the pelvis, or co- 
balt 60 teletherapy to the pelvis plus intra- 
uterine radium application, were studied 
during the course of treatment. Fat absorp- 
tion techniques as described by Baylin 
et al. Sanders eż a/.," and Isley et 27.59 were 
utilized for determining the absorption of 


fat from the gastrointestinal tract. Each 
patient had two tests per week unless his 
condition or other circumstances dictated 
otherwise. In one of the tests both the blood 
Jevels and the fecal recovery were measured 
after an I! labeled neutral fat test meal, 
and in the second test only the fecal recov- 
ery was measured. Control studies were 
made prior to the initiation of radiation 
therapy. In addition, x-ray examinations of 
the small bowel patterns and transit time 
were carried out at different times during 
the course of radiation therapy. Both the 
small bowel x-ray studies and the fat ab- 
sorption studies were correlated with the 
radiation dosage to the midline of the 
patient. 


RESULTS 


The relationship between the abnormal 
results and the midline radiation dosage is 
shown in Figure 1 for both the small bowel 
x-ray and the fat absorption studies. As in 
the previous series of cobalt 60 teletherapy 
patients? the ‘majority of the abnormal 
findings in this series occurred at a midline 
exposure dose of 2,000 to 3,000 r, between 
the second and third week of therapy. 
There appears to be absolutely no correla- 
tion between the findings of abnormal small 
bowel x-ray patterns and abnormal fat 
absorption studies. 

Table 1 is a summary of the results of the 
fat absorption studies. Of 31 patients with 
blood level determinations, 77 per cent 
showed abnormal studies some time during 
the course of therapy. Of a total number of 
142 blood level studies in the 31 patients, 64 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina, 
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с, 1. Correlation between abnormal findings and midline exposure dose level (r), 


(45 per cent) gave abnormal results. The 
fecal determinations were carried out in 33 
patients; 15 showed abnormal studies 
sometime during the course of therapy. 
There were 168 fecal level determinations 
in this group of patients, £4 of which gave 
abnormal results. 

Table п shows the results of the small 
bowel x-ray studies in the 33 patients; 18 
exhibited an abnormal pattern at one time 
or another during the course of therapy. Of 
a total of 83 studies made, 27 demonstrated 
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FAT ABSORPTION STUDIES IN со 
TELETHERAPY PATIENTS 
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No. of patients studied 

No. showing abnormal 
studies 

Total no. of studies 

No. of abnormal studies 


Level 
Determi- 
nation 
ar 
24477 70) 
142 
4 Cy 
64 (45%) 


Fecal 
Level 
Determi- 
nation 


abnormal ileal patterns, 10 abnormal jeju- 
nal patterns, and 2 abnormal duodenal 
patterns. 

Table ш shows the results of the motility 
studies in those patients having both cobalt 
бо teletherapy and intracavitarv radium 
application. Of the 24 cases studied, 15 had 
changes in motility at the end of the ther- 
ару: 5 showed an increased transit time and 
to hypermotility. 


DISCUSSION 


Regaud ef a/.!° reported in 1912, that the 


Tank II 


SMALL BOWEL X-RAY STUDIES DURING 
со TELETHERAPY 


Nocof рано о cd b eR EATUR ONG 33 
ОБОРЕ S oot itr Sad eai А 83 
Abnormal Heal" so od ices лаве нанио 37 
Abnormal јејипа!............... т. 10 
Abnormal duodenalf................... 2 


No. of patients showing abnormal patterns 18 
* Mucosal edema, puddling, segmentation, dilatation. 
T Purse string. 
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CASES STUDIED AFTER BOTH СО TELETHERAPY 
PLUS INTRACAVITARY RADIUM APPLICATION 


No. of cases 24 
No change in motility 9 
Increased transit time 5 (21%) 
Hypermotility 10 (42%) 
No. with changed pattern 15 (63%) 


small bowel of the dog is more sensitive to 
radiation than the stomach, and that the 
duodenum and jejunum are more sensitive 
than other regions of the gastrointestinal 
tract. It is generally believed that the small 
bowel sensitivity to radiation decreases as 
one progresses from the duodenum to the 
ileum. The x-ray examinations of the small 
bowel performed in these patients showed 
the highest incidence of abnormal patterns 
in the ileum. This may be due to the fact 
that the ileum is in the direct field of the 
radiation. 

Jejunal and ileal changes as observed in 
the x-ray studies seemed to appear at rela- 
tively the same radiation dosage level, with 
the higher incidence of abnormal patterns 
occurring in the ileum. No correlation was 
seen between the abnormal x-ray findings 
of small bowel patterns and abnormal fat 
absorption studies. There was a much 
higher incidence of abnormal fat absorption 
during the course of radiation therapy than 
abnormal small bowel x-ray patterns. This 
suggests that the fat absorption study is a 
more sensitive indicator of changes occur- 
ring in the gastrointestinal tract due to 
ionizing radiation than are the x-ray stud- 
ies. This is to be expected since small func- 
tional changes could affect fat absorption 
and be reflected in these results. Subtle 
changes within cells which could affect 
function would not be visible by gross x-ray 
examination. 

The studies of gastrointestinal motility 
in patients who had received both cobalt 60 
teletherapy plus intracavitary radium ap- 
plication showed that of the 24 patients, 10 
had increased motility, 5 had an increased 
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transit time, and 9 of the patients showed 
no changes. These studies were performed 
at the end of the radiation therapy pro- 
gram. Realizing that the full extent of the 
effects on tissue from irradiation may not 
appear until many months after therapy, it 
is our plan to follow these patients at peri- 
odic intervals. An effort will be made to 
determine the incidence and degree of 
intestinal malabsorption. 


SUMMARY AND CONCLUSIONS 


Fat absorption studies and small bowel 
x-ray studies were performed on 33 patients 
undergoing cobalt 6o teletherapy, 24 of 
whom were also studied following intra- 
uterine radium application. 

1. Seventy-seven per cent of all patients 
showed abnormal fat absorption blood 
levels, and 46 per cent of the patients 
studied showed abnormal fecal recovery of 
fat at one time or another during the course 
of therapy. 

2. Small bowel x-ray studies showed that 
18 of the 33 patients had abnormal ileal, 
jejunal or duodenal patterns during the 
course of therapy. 

3. Twenty-seven of the 83 studies per- 
formed in the 33 patients showed abnormal 
ileal patterns, 10 studies showed abnormal 
jejunal patterns, and 2 studies showed 
abnormal duodenal patterns. 

4. There was no correlation between 
abnormal small bowel x-ray findings and 
abnormal fat absorption studies. 

с. At the end of treatment, small bowel 
x-ray studies performed in those cases 
receiving both cobalt 60 teletherapy and 
intracavitary radium application, showed 
that of 24 patients, 1o demonstrated hyper- 
motility patterns, 5 showed increased 
transit time, and 9g showed no changes in 
motility. 

6. Fat absorption studies are a more 
sensitive Indicator of changes in the gastro- 
intestinal tract due to ionizing radiation 
than are small bowel x-ray studies. _ 

7. Insufficient time has elapsed for the 
determination in these patients of any 
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delayed changes in the gastrointestinal 
tract due to the radiation. 


К. J. Reeves, M.D. 

Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 
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AN ANALYSIS OF FACTORS AFFECTING OPTIMAL 
AXIS PLACEMENT AND 80% ISODOSE VOLUME 
DIMENSIONS IN TELECOBALT ARC THERAPY* 


By J. E. TURNER, M.D., К. M. JOHNSON, M.S., and S. M. WHITFIELD, R.T. 
CHICAGO, ILLINOIS 


+ purpose of this study is to provide 
for the radiotherapist the following in- 
formation concerning arc therapy tissue- 
dose distributions in convenient form: (1) 
location of the maximum dose generated; 
(2) size, shape, and centering of the volume 
enclosed by the 80%-of-maximum isodose 
surface—hereafter called the “effectively 
treated volume;" and (3) percentage of the 
maximum dose arriving at the rotational 
axis. The data of this study are not trans- 
ferable to other techniques, and apply only 
to those telecobalt machines having a 
source diameter of 2 cm., a source-to-colli- 
mator distance of 33 cm., and a rotational 
radius of 75 cm. 


PRECEDENTS 


Isodose charts and dosage systems for 
various arc therapy techniques have been 
published for other source-axis-distances 
by Jacobson eż 445 and by Dahl. e al‘ 
Charts for other energies have been pub- 
lished by Nielsen;? Trump e al., Dahl et 
al. Johns e£ a/.,” Stern,” and Turner.! Dos- 
age systems for telecobalt at radius 75 cm. 
have been published by Braestrup and 
Mooney,! Johns eż a/.,° Tsien, Roberts," 
and Kornelson.*? 

None of these systems is specifically de- 
signed to show systematically how to ad- 
just the axis position within the patient so 
as to center, to best advantage, the effec- 
tively treated volume to the tumor center 
for a useful variety of arc techniques at a 
radius of 75 cm. 


DEFINITIONS 


Nominal field sizes (widths and lengths) 
are defined as the distance between the 


60% isodose lines as measured 75 cm. from 
the source—4.e., at the position of the rota- 
tional axis. 

The basic conditions of this study assume 
irradiation of a water-equivalent cylinder 
of 15 cm. radius and infinite height. This 
cylinder's cross-section is divided into 10- 
degree segments, labeled counter-clock- 
wise. The o-degree direction is arbitrarily 
designated “‘anterior;” the 180-degree di- 
rection is designated "posterior; the go- 
degree and 270-degree directions are desig- 
nated, respectively, "left" and "right la- 
teral." 

The arcs described in this study are arbi- 
trarily centered anteriorly on the o-degree 
radius, extending to either side of this 
radius an equal number of degrees. In other 
words, the o-degree radius is the bisector of 
all arcs described. All arcs are initially cen- 
tered upon the axis of rotation. 

Examples. A 120-degree arc extends 60 
degrees to the left and to the right of the 
bisecting o-degree (anterior) radius, while 
a 300-degree arc extends 150 degrees to the 
left and to the right of the bisecting o-de- 
gree (anterior) radius. Both of these arcs, 
and all other arcs of this study are initially 
centered in the center of the cylindrical 
phantom at a source-axis-distance (rota- 
tional radius) of 75 cm. 

Data are illustrated and tabulated for 
nominal axis-field widths and lengths of 4, 
6, 8, 10, 12, and 15 cm., and for arc spans of 
I20, 180, 240, 300, and 360 degrees. 


MATERIALS AND METHODS 


This study used theratron-B isodose 
charts, furnished by Atomic Energy of 
Canada, Ltd., normalized to 100 per cent of 


* From the Therapeutic Radiology Service, Veterans Administration Research Hospital, Chicago, Illinois, and Department or 
Radiology, Northwestern University Medical School, Chicago, Illinois. 
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tumor/air dose ratio* at the axis of rota- 
tion. Depth dose values, in percentage of 
tumor/air dose ratio, were read off for 247 
points within a half-circle representing half 
of the central transverse section through a 
water-equivalent cylinder of 15 cm. radius 
and infinite height. Bilateral symmetry was 
assumed. The 247 points lay at the inter- 
sections of concentric circles of гади 1, 2, 3, 
дб 10, 12.014, (15, 18, and. сој cm 
with radial lines drawn at 10-degree inter- 
vals from o-degrees through 180-degrees. 
For data involving field widths, charts for 
nominal field sizes 4X 10, 6X 10, 8X 10, 
IOX 10, I2X I2, and 15 Х 15 cm. were used. 
It was found that variation of nominal field 
length between 4 cm. and 15 cm. changed 
the position of the 8065 1sodose line at the 
axis position by onlv 2 mm. Conversely, it 
was found that variation of nominal field 
width had negligible influence upon the 
nominal field length as determined by the 
80€5 1sodose lines. 

The average tissue dose at each of the 247 
points was calculated for each of the 3o arc 
techniques presented. The dose along the 
18o-degree and o-degree radial lines was 
graphed to find the location and magnitude 
of the maximum dose with respect to the 
maximum dose value was found, and its 
anterior and posterior positions along the 
arc bisector tabulated. The midpoint be- 
tween these 80% points was then found and 
recorded. The 80%, value was then sought 
by interpolation along the 30, 60, go, and 
1§0-degree radi and the positions charted. 
The 80% points for each arc technique were 
then Joined with the aid of a French curve 
to produce a closed boundary. In some 
problems, extra points were used to aid in 
interpolating the position of the posterior 
boundary of the 80% zone. From these 
data Figures 1 through 25 and Table 1 were 
prepared. 

As shown by Roberts! and by Du Sault? 


* The tumor /air dose ratio, as defined by Johns ef a7? equals 
the tissue dose at the rotational axis per r in air arriving at the 
axis position. 

T These values were extrapolated. 
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the 80€; contours can be shifted within the 
patient's outline as far as § cm. anteriorly, 
posteriorlv, or laterally with only 3 mm. 
deviation in shape. As the center of the 
800, zone is moved foward a given skin sur- 
face, the nearest portion of the 80% line 
tends to approach the center slightly. As the 
center of the 80% zone is moved away from 
a given skin surface, the nearest portion of 
the 8095 line tends to move away from the 
center slightly. 

To determine the /engths of the various 
effectively treated volumes, isodose charts 
depicting all 36 combinations of nominal 
field widths and lengths for 4, 6, 8, 10, 12, 
and 15 cm. were used. The etfective field 
lengths were determined by the intersec- 
tions of (1) the line representing 80% of the 
maximum dose generated bv each arc tech- 
nique with (2) a line drawn through the 
center of the effectively treated volume's 
cross-section. From these data Table r was 


prepared. 


DISCUSSION OF FACTORS 


I. Location of the maximum dose gen- 
erated. An arc of o degrees (7.е., а station- 
ary field) produces a maximum dose lving 5 
mm. beneath the skin surface at the center 
of the skin field. An arc of 360 degrees pro- 
duces a maximum dose zone centered at the 
rotational axis. Logicallv, an arc of less than 
360 degrees generates a maximum dose zone 
somewhere between the axis and the skin, 
along the bisector of the arc (in this studv— 
along the o-degree radius). In practice, the 
location of this maximum dose varies from 
o.1 cm. to 6.4 cm. out along the o-degree 
radius. The shorter the arc and the wider 
the field, the farther out the maximum dose 
occurs. 

2. Size, shape, and center of the $06. of- 
maximum isodose zone (effectively treated 
volume). This study is designed to present, 
for rapid selection, effective treatment vol- 
umes of known size and shape to be cen- 
tered to the tumor's center, allowing the 
maximum dose to fall where it will, since the 
maximum dose and the center of the effec- 
tive treatment volume do not coincide for 
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ТАВЉЕ ] 
THE AXIS PLACEMENT GUIDE 
Source Diameter 2 cm., Source-Collimator-Distance 33 cm., Source-Axis-Distance 75 cm. 
Dose Maximum in % 
80%-of-Maximum Isodose Line of TAR* 
Fig- Field Arc? | 
ше Width “7 Total Total Major Axis ү. Magni ee 
Center Antero- Trans- Shape of pa hod bo 
posterior verse Cross-Section 90 tude f 
actor] 
I 4 120 +0.9 4.4 4.2 Oval Anteroposterior +1.0 104 .96 
2 4 180 +о. 5 4.0 4.0 Circle None +0.5 100 1.00 
3 4 240 +0.4 3.4 4.4 Oval Transverse +0.2 100 1.00 
4 4 300 d-o.1 EIN 4.2 Oval Transverse +0.0 100 1.00 
5 6 120 +1.6 6.3 5.0 Oval Anteroposterior -+2.0 III .90 
6 6 180 +о.8 $14 6.2 Oval Transverse +1.4 106 94 
7 6 240 40.6 $74 6.8 Oval Transverse +1.0 103 .97 
8 6 Зоо +о.3 $us 6.8 Oval Transverse +1.0 IOI .99 
9 8 120 +2.8 7.0 6.6 Oval Anteroposterior + 3.5 119 . 84 
10 8 180 +1.3 6.7 8.0 Oval Transverse +2.3 III .90 
II 8 240 --o.8 7.2 9.0 Oval Transverse +2.0 106 .94 
12 8 300 +0.4 7.9 9.0 Oval Transverse +2.0 102 .98 
13 IO  I20 +4.2 7.6 8.0 Hemi-oval Transverse +4.8 128 78 
I4 то 18о +2.5 6.6 9.0 Oval Transverse 4-3.5 I21 .83 
re IO 240 +1.0 9.0 11.8 Oval Transverse +3.0 109 .92 
16 IO 300 +0.4 10.4 11.8 Oval Transverse +3.2 104 .96 
17 12 120 45.4 8.5 9.6  Hemi-oval Transverse +6.2 135 „74 
18 I2 180 +3.3 8.5 12.8 Oval Transverse 14.8 120 .83 
Ig 12 240  +1.8 10.3 14.0 Oval Transverse +4.5 IIO . 9o 
20 I2 300 +0.7 12.7 14.8 Oval Transverse +3.5 104 .96 
21 15 120 47.4 9.1 11.2 Hemi-oval Transverse +6.7 146 .68 
22 15 180 44.7 8.9 15.4 Hemi-oval Transverse +6.2 126 .79 
23 I$ 240 x+3.0 11.3 16.8 Hemi-oval Transverse +6.1 115 .87 
24 I$ 300 +0.9 їе 17.8 Oval Transverse +6.1 106 .94 
25 4 360 о.о 3.8 3.8 Circle None о.о 100 1.00 
25 6 360 о.о б.о б.о Circle None 0.0 100 1.00 
25 8 збо о.о 8.6 8.6 Circle None о.о TOO 1.00 
25 10 360 0.0 II.4 II.4 Circle None о.о TOO 1.00 
25 12 360 о.о 14.0 14.0 Circle None о.о 100 1.00 
25 15 360 0.0 17.4 17.4 Circle None о.о 100 1.00 





* ТАК = tumor/air dose ratio, 
+ f= tumor dose correction factor. 


arcs shorter than 360 degrees. At the same 
time, the location of the maximum dose 18 
tabulated, so that if it falls in an undesir- 
able area within the patient, the therapist 
may select another, more favorable tech- 
nique. 

Once the tumor's center has been local- 
ized, the patient, for 360 degree rotation, is 
positioned for treatment so that the tumor's 
center coincides with the axis of rotation. 
For treatment with arcs shorter than 360 


degrees, the patient is positioned so that 
the axis of rotation does пој lie at the tu- 
mor's center, but rather, deep to the tu- 
mor's center by the number of centimeters 
specified in Table 1: The Axis Placement 
Guide. 

In usual practice (for treatment of a 
tumor in the trunk of a supine patient), the 
rotational axis is first placed at the tumor's 
center by alignment of guide lights to an- 
terior and lateral skin markings which 
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í UA 


Tage H 


EFFECTIVE FIELD LENGTH 


(8095 of maximum] 


Nominal field length (cm.) 4.0 20 8.0 10.0 Бо 15.0 
Effective field length (ст.) 2.9 4.8 bus 8.5 10.6 13.4 


represent projections of the tumor's center. 
This alignment is correct for 360-degree ro- 
tation, but tor arcs of less than 360 degrees, 
one proceeds as follows: The treatment 
table is raised so that the lateral guide light 
coincides with a second, more posterior skin 
mark which, by projection, depicts the dis- 
tance from the center of the 80€5 zone to 
the appropriate new axis position. 

Figures 1 through 24 show the 80°% zone 
as calculated in the second position above-— 
namely, with the axis of rotation properly 
displaced deep to the tumor center by the 
distance CA. Figure 25 involves no axis 
displacements, since this shows the 806; 
zones for 360-degree rotation only. 

In Table 1 the 80€% zones generated are 
described in 3 shapes: circles, ovals, and 
hemi-ovals. The hemi-ovals are flattened 
roughly parallel to the transverse dimen- 
sion of the body and lie almost entirely an- 
terior to the axis of rotation. The hemi- 
ovals result when short arcs are used with 
wide fields. Circles result when 360-degree 
rotations are used. Ovals result when most 
other arc techniques are used. 

In considering field lengths, we have 
stated before that the nominal field dimen- 
sions are outlined by the 60€; isodose lines 
at а distance of 75 cm. from the source. For 
any of the transverse plane diagrams (Fig. 
1 through 25), the field length dimension 
extends into and out of the plane of the 
paper. 

In contrast to the nominal field length 
dehned above, one may define an effective 
held length, which is the distance between 
the 80° -of-maximum isodose lines as 
measured on a line extending in and out of 
the paper and passing through C, the cen- 
ter of the 80% -of-maximum isodose zone 
(effectively treated volume). 


Tabie nu presents these effective field 
lengths, which have the tollowing charac- 
teristics: they are 15% to 27% shorter than 
the corresponding nominal field lengths; 
they are independent of field width; and 
they are independent of arc span (120° 
through 360°). 

To use the tables, combine the informa- 
tion from Tables т and п as indicated by 
the corresponding superscripts in the exam- 
ples below. 

(a) Describe the effectively treated vol- 
ume generated by a nominal 15X15 cm. 
held, using 360-degree rotation. 

The volume is an oblate spheroid meas- 
uring 17.4 cm. anteroposteriorly,! 17.4 cm. 
transversely,! and 13.4 cm. longitudinally! 
centered at the axis of rotation.! 

(b) Describe the effectively treated vol. 
ume generated by a nominal 6X 12 ст. 
held, using а 180-degree arc. 

The volume is a flattened ovoid measur- 
ing 5.4 cm. anteroposteriorlv,! 6.2 cm. 
transversely, and 10.6 cm. longitudinally," 
centered o.8 cm. superficial (anterior) to the 
rotational axis.! 

Data for nominal field widths, nominal 
held lengths, and arc spans not explicitly 
appearing in Tables 1r and и may be approx- 
imated bv graphical interpolation. 

3. Lhe dose at the axis expressed as a per- 
centage of the maximum dose. For arcs of 360 
degrees, the positions of the maximum dose 
and the axis of rotation coincide, but for all 
arcs of less than 360 degrees, the axis re- 
ceives less than the maximum dose. In this 
studv, this reduced dose at the axis is tabu. 
lated in the form of a decimal fraction of the 
maximum dose, and is presented as the 
tumor dose correction factor: designated f. 
Examples tollow to show where this factor 
shoulc and should not be used. 
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Scale: © 


FIGURE 1: FIELD WIDTH 4 CM, 
9 ARC 
AP OVAL 4,4 x 3.2 CM. 


CENTERED AT 40,9 CM, 
ји . 961 


In these figures and all to follow: 





2О ст 


FIGURE 2: FIELD WIDTH 4 CM, 
180° ARC 

CIRCLE 4 x 4 CM, 

CENTERED AT 40.5 CM, 
f *1,00 


20 ст 


А = position of the rotational axis (at intersection of vertical and horizontal 
line). 

M = position of the maximum dose generated in cm. anterior to the axis. 

80% = boundary of the 80%-of-maximum (effectively treated) area. 

= position of the center of the 80%-of-maximum (effectively treated) area 

in cm. anterior to the axis. 

The total length of either the vertical or horizontal baseline is 20 cm., 
reduced for publication. All figures are drawn to the same scale. Figures 1—24 
are presented in pairs, different arc techniques being presented on the left and 


on the right of the bisecting vertical line. 


(a) Calculation of the axis tissue-dose 
rate. Once the axis position for the indi- 
vidual patient has been determined, the 
therapist obtains the appropriate cross- 
section body contour and measures the dis- 
tances from the skin to the axis along the 
radi included within the treatment arc. 
The tumor/air dose ratios corresponding to 
these distances are obtained from dosage 
tables (Johns ef 2/18 or Brit. 7. Radiol., 
Supplement 10°) and an average tumor/air 
dose ratio (TAR) value is determined. The 
machine output, or intensity (J) in г рег 
minute In air at 75 cm. is noted and the axis 
tissue-dose rate is calculated as follows: 


d=IXTARXf, (1) 
where 


d — tissue-dose rate at the axis in rad 
per minute, 

I= machine output (intensity) at the 
axis in r (air) per minute, 
TAR=dose at axis in rad per r (air) 
delivered to the axis position, 

Ў = conversion factor from г to rad. 


Numerical example: The machine output 1s 
60 r/min. in air at source-axis-distance 75 cm. 
The average TÆR, as determined from the 
patient's body contour, is .258. What is the 
axis tissue-dose rate (4)? 
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FIGURE 3: FIELD WIDTH 4 CM, FIGURE 4: FIELD WIDTH 4 CM, 
240° ARC 3009 ARC 
TRANSVERSE OVAL 3.4 x 4.4 CM, TRANSVERSE OVAL 3.5 x 4,2 CM, 
CENTERED AT 40.4 CM. CENTERED AT +0,1 СМ. 
f = 1,00 # = 1,00 





FIGURE 5: FIELD WIDTH 6 CM, 
1209 ARG 180° ARC 


FIGURE 6: FIELD WIDTH 6 CM, 


AP OVAL 6,3 x 5,0 CM, TRANSVERSE OVAL 5.4 x 6,2 CM, 
CENTERED ON 41,6 CM, CENTERED ON 40.8 СМ. 
f= ,901 f = .944 
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FIGURE 7: FIELD WIDTH 6 CM, FIGURE 8: FIELD WIDTH 6 GM, 
2409 ARC 300° ARG 
TRANSVERSE OVAL 5.3 x 6.6 CM. TRANSVERSE OVAL 5.5 x 6.8 CM, 
CENTERED AT 40.6 CM, CENTERED AT 40.3 CM, 
f = 971 {= . 990 





FIGURE 9: FIELD WIDTH 8 CM, FIGURE 10: FIELD WIDTH 8 CM, 
120° ARC 1809 ARC ' 

AP OVAL 7,0 x 6,6 СМ, TRANSVERSE OVAL 6,7 x 8,0 CM. 

CENTERED AT 42.8 CM. CENTERED AT 41.5 CM, 


1 = ,R40 1 = 90 
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FIGURE П: FIELD WIDTH 8 CM, 
240° ARC 
TRANSVERSE OVAL 7,2 x 9,0 CM, 
CENTERED AT + 0.8 CM, 

ї = , 944 


(1) d=IXTARX f=60X%.258 Х .97 
= 15 rad per min. 


This dose rate (7) will be used in all the 
examples to follow. 


(b) Calculation of treatment time for 
360-degree rotation. In this case, the maxi- 
mum dose and the axis dose coincide in 
magnitude and location. The tumor dose 
correction factor, f, since it equals 1.00, 
need not be used. The calculation is as fol- 
lows: : 


TD, 
ЫЕ 





, (2) 


i 


where 


t= treatment time (minutes), 
TD, = desired tumor dose at the axis in 
rad, 
d= tissue-dose rate at the axis in rad 
per minute as determined by equa- 
tion (1) above. 

Numerical example: What treatment time is 
required to deliver a tissue dose (7D,) of 22 
rad to the axis? 

TD 225 tad 


a E 
(2) f Lore Ee OT a aaa ИТА == | 5 min. 
d 15 rad/min, 
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FIGURE 12: FIELD WIDTH 8 CM. 
3009 ARC 
TRANSVERSE OVAL 7,9 x 9,0 СМ, 
CENTERED AT +0,4 CM, 

{ = .980 


(с) Calculation of treatment time for 
arcs of less than 360 degrees. In these cases 
the axis dose is less than the maximum dose 
and is expressed as a decimal fraction of the 
maximam dose in the form of the tumor 
dose correction factor, f, as follows: 


TD, ns fx TD ny (3) 
where 


TD, = dose at the axis in rad, 
f=tumor dose correction factor, 
TD,= maximum dose in rad. 





Numerical example: An arc of 120 degrees is 
to be used with an axis-field width of 12 ст. 
The tumor dose correction factor for this com- 
bination is #= .74. A dose of 225 rad is desired as 
the maximum dose. What is the treatment time 
required: 


(3) ТР, = ЕХ TD, = ЈА Х 225 = 166.5 rad 


(Check: The ratio of the answers from problems 
c and b: 11.1/15.0=.74) 


(d) Calculation of treatment time for 
go%-of-maximum tissue dose. In these 
cases a tissue-dose homogeneity of +11% 
can be obtained by specifving the tumor 
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FIGURE 13: FIELD WIDTH 10 CM. FIGURE 14: FIELD WIDTH 10 CM. 
120° ARC 180° ARC 
TRANSVERSE SEMI-OVAL 7,6 x 8.0 CM, TRANSVERSE OVAL 6.6 x 9.0 CM. 
CENTERED AT +4,2 CM, CENTERED AT +2.5 CM. 

f» „782 f = , 626 





FIGURE 15: FIELD WIDTH 10 CM. FIGURE 16: FIELD WIDTH 10 CM. 

. 240° ARG . 300° ARC 
TRANSVERSE OVAL 9,0 x 11. $ CM. TRANSVERSE OVAL 10,4 x IL. 8 СМ, 
CENTERED AT +1.0 CM, i CENTERED AT +0,4 СМ. 


fm, 918 fm, 961 
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FIGURE 17: FIELD WIDTH 12 CM, FIGURE 18: FIELD WIDTH 12 CM. 
1209 ARC 1809 ARC 
TKANSVERSE SEMI- OVAL 8.5 x 9.6 СМ. TRANSVERSE OVAL 8.5 x 12.8 CM. 
CENTERED AT 45,4 CM, CENTERED AT +3.3 CM, 
^ faz, f = ,834 


ВО % | BO % 


мМ 4.5 
M 3.5 
* 
CIB 
C dh RS ud 
FIGURE 19: FIELD WIDTH 12 C FIGURE 20: FIELD WIDTH 12 CM, 
2409 ARC | 3009 ARC 
TRANSVERSE OVAL 10,3 x 14.0 CM, TRANSVERSE OVAL 12.7 x 14,8 CM, 
CENTERED AT + 1.8 СМ, CENTERED АТ 40.7 СМ, 


f= ,901 f= , 961 
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FIGURE 21: FIELD WIDTH 15 CM, 
120° ARC 
TRANSVERSE SEMI-OVAL 9.1 x IL2 CM. 


CENTERED AT +7.4 CM, 
f = , 664 


dose as 90% of the maximum tissue dose 
generated—;.e., as TD,. The appropriate 
equations are as follows: 

(1) For 360-degree rotation: 


Тр, = TD, — 10/9 TD, (4) 
and 
ТР, == 8/9TD,, (5) 


where 
TD, = dose at the axis in rad, 
TD. = maximum dose in rad, 
TD, = tumor dose specified at 9/10 TD,, 
TD,-— tissue dose at edge of 80% enclo- 
sure (edge of effectively treated 
volume). 


Numerical example: Let the tumor dose for 
specification at 90%-of-maximum be 225 rad. 
Then 


(4) TDa= TD, = 10/9 TD, = 10/9 
X225 rad — 250 rad. 
(5) TD.=8/9TD.= 8/9 X225 гад = 200 rad. 
Now find the treatment time required, for 


Avoust, 1965 
FIGURE 22: FIELD WIDTH 15 CM, 
1209 ARC 
TRANSVERSE SEMI-OVAL 8.9 x 15.4 CM. 
CENTERED AT 44.7 CM, 
Е = ,794 
TD,= 226 rad. 
TD, 10/9TD, 10/9X225 
Q) pat A 
d d Ig 
250 | 
=——= 16.67 min.— 16 min. 40 sec. 
15 
(п) For arcs shorter than збо degrees: 
ТР, = 10/9TD, (4) 
апа 


TD,— 8/9TD, 
(as defined in the previous problem d—1). (5) 


Once again, if TD, is to be 225 rad, then 
TD, —25$0 rad and TD, = 200 rad. 


Numerical example: If a 120-degree arc and 
an axis-field width of 12 cm. are used, requiring 
a tumor dose correction factor of f=.74, what 
treatment time is required for a TD, of 225 rad? 


(3 TDa=fX Тра= 14 Х 250 = 185 rad, 
< TD. 185 
d 15 





(2) 


= 12.33 min. or I2 min. 20 sec. 
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FIGURE 23: FIELD WIDTH 15 CM, FIGURE 24: FIELD WIDTH 15 CM, 
2409 ARC 300° ARC 
TRANSVERSE OVAL 11,3 x 16,8 CM, TRANSVERSE OVAL 15,5 x 17,8 CM, 
CENTERED AT *3,0 СМ. CENTERED AT +0.9 CM, 
f = ,870 f= ,944 


FIGURE 25: SIX FIELD WIDTHS 
360° ROTATION 
CIRCLES OF SPECIFIED DIAMETER 
CENTERED AT AXIS 
f= 1,00 


ВО 7e 


СУ 


8o SUBE | | 
8 80/% 
I2 
во 
FIELD CIRCLE 
WIDTH, DIAM., 


CM, CM. 
4 3,8 
є 6.0 
8 8.6 
10 и, 4 
12 14, 0 
15 17,4 
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(Check: The ratio of the answers from the pre- 
ceding problems, d-ii and d-i: 12.33/16.67 
= .74.) 


SUMMARY 


1. By means of 25 diagrams and 2 tables 
this study presents: (a) the location and 
magnitude of the maximum dose generated 
by various telecobalt arc therapy tech- 
niques; (b) the anteroposterior, transverse, 
and longitudinal dimensions of the volume 
enclosed by the 80%-of-maximum isodose 
surface (designated the “effectively treated 
volume”); and (c) An Axis Placement 
Guide which indicates where to locate the 
rotational axis so as to place the tumor’s 
center at the center of the effectively 
treated volume. 

2. The data above are presented for 36 
nominal axis-field sizes (width or length 4, 
6, 8, 10, 12, and 15 cm.) and for arc spans 
of 120, 180, 240, 300, and 360 degrees. 

3. The data are not transferable—ap- 
plying only to telecobalt machines having 
a source diameter of 2 cm., a source-to-col- 
limator distance of 33 cm., and a rotational 
radius of 75 cm. 

4. Sample equations and problems show 
how to calculate tumor doses and treatment 
times when the rotational axis does (for 
arcs of 360 degrees) and does not (for arcs 
of less than 360 degrees) coincide with the 
location of the maximum dose generated. 


J. E. Turner, M.D. 
416 South Second Street 
Geneva, Illinois 60134 
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A FAST MOVING-FIELD TELECOBALT TISSUE-DOSAGE 
METHOD FOR ADDING MACHINE, TABULATING 
MACHINE, OR ELECTRONIC COMPUTER * 


By J. E. TURNER, МР R. M. JOHNSON, M.S., 


and 5. M. WHITFIELD, КЛ. 


ay 


GENEVA, ILLINOIS 


HE goal of this study is to provide for 

the use of radiologists the basic data 
for assembling a library of “instant” radia- 
tion dose distribution charts for multiple 
fixed-feld and moving-field techniques, 
covering most of the clinical problems 
encountered in cobalt 60 teletherapy. These 
data are presented in a form which permits 
3 types of calculation: (1) by ordinary 
adding machine, (2) by automatic tabulat- 
ing machine, and (3) by electronic com- 
puter. The first method enables а techni- 
cian to calculate the tissue dose at any of 
469 points in the cross-section of the patient 
within 40 to 60 seconds per point. The 
second method permits tabulation of the 
tissue dose at all 469 points in 4 to 30 min- 
utes. The third method provides tabulation 
and print-out, as isodose lines, a whole 
cross-sectional distribution in 3 to 120 
seconds. 

The depth dose data presented are nor- 
malized to тоо per cent of tumor /air dose 
ratio? at the center of rotation (Table 1), 
but the dosage distributions can be normal- 
ized, if desired, to the maximum dose gen- 
erated (Fig. т). Full cross-sectional tissue 
dose distributions developed from the data 
charts will be found to be largely independ- 
ent of patient's size and shape,^!? providing 
wide and rapid application. 

The physical factors used for this study 
are: cobalt бо source diameter 2 cm., 
source-collimator-distance 33 ст. and 
source-center-distance 75 cm. These data 
cannot be applied to machines with differ- 
ent factors. 

Before applying the data in this study, 
radiologists should determine the field sizes 


on Тет individual machines according to 
the recommendations of Hall. 


REVIEW OF PREVIOUS 
DOSIMETRY METHODS 


Johrs e aL, in 1953, introduced the 
concept of tumor/air dose ratio (tissue dose 
at axis per rin air at axis) to describe the 
central tissue dose for rotational and com- 
mon-centered multiple fixed-field radio- 
therapy. Braestrup and Моопеу, in 1955, 
evolved a manual telecobalt dosimetry 
system requiring the averaging of 12 iso- 
dose chart readings at 30° intervals for each 
point of interest in the patient’s anatomic 
cross-section. These readings were ex- 
pressed as per cent of tumor /air dose ratio. 
The system requires a tedious number of 
readings, and the wide 30° interval (as 
opposed to a Io? interval or continuous 
integration) produces inaccuracies toward 
the periphery of the cross-section. Brae- 
strup and Moonev illustrated the relative 
lack of sensitivitv of the central tissue dose 
to variations of bodv contour. 

Jones and Gregory, cited by Roberts,’ 
evolved a pre-read, pre-calculated manual 
dosage system for rotational telecobalt 
therapy, requiring 2 hours to obtain a com- 
plete cross-sectional dosage distribution. 
They showed that the patient's cross- 
sectional contours, varying up to 5 cm. in 
radius trom the radius of a circle of equiva- 
lent area, shifted the 80 per cent (of tumor/ 
air dose ratio) isodose line only 3 mm. This 
paved the way for preparation of universal 
dosage charts, by du Sault,? in 1959, which 
can be centered anywhere up to 5 cm. from 
the center of a patient’s cross-section with- 


* From the Therapeutic Radiology Service, Veterans Administration Research Hospital and Department of Radiology, Northwestern 
University Medical School, Chicago, Illinois. This study was supported in part by a grant from the American Cancer Society, Illinois 


Division. 


+ Present address: Community Hospital, 416 South Second Street, Geneva, Піпоіѕ 60134. 
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TUMOR/AIR DOSE RATIO (TAR) SHEET, FIELD WIDTH 6 CM. AT AXIS, COBALT 60, SOURCE-AXIS-DISTANCE 
75 CM., TUMOR DOSE AT AXIS OF ROTATION PER IOO Г IN AIR AT AXIS 


Sosa Radial thickness of patient (cm.) 
Entry? 5.0 бо 7.0 8.0 9.0 10.0 II.O 12.0 13.0 I4.O 15.0 16.0 17.0 18.0 19.0 20.0 
о — 86 82 78 7 го 66 62 9 65 53 5 47 44 4 39 37 
IO 86 8—2 78 74 pP 6 ба 9 56 з 5 47 44 ^4 39 37 
20 86 8 78 м p 6 6 ә 56 з 5 47 44 41 39 37 
3o 86 82 78 мн о 6 ба 359 56 з о 47 44 4% 39 37 
40 86 | 82 78 м pP 6 (62 59 56 з о 47 44 a4 39 37 
50 86 | 82 78 74 то 6 ба 39 56 53 55 47 44 4 39 37 
бо 86 82 78 7 то 66 62 59 56 53 50 47 44 ^4 39 37 
70 86 82  Á 78 n pP 66 ба 59 56 з 5 47 44 41 39 37 
80 86 | 82 58 74 то 6 6 59 565 0353 о 47 44 41 39 37 
90 86 82 78 7 p 6 62 59 56 53 5 47 444 4 39 37 
100 86 | 8a 78 74 о 66 6 5% 56 53 о 4] 44 4 39 37 
IIO 86 82 78 74 то 66 62 359 56 з 50 47 44 a4 39 37 
120 86 82 78 7% то 6 62 59 56 з 5 47 44 41 39 37 
130 86 82 78 м о 656 62 59 56 53 50 47 44 4 39 37 
140 86 82 78 7% P 66 62 59 56 з о 47 44 4 39 37 
150 86 | 82  Á 58 74 то 6 6 59 56 Zhe 39 37 
160 86 82 78 7 то 66 ба 59 56 53 о 47 44 4 39 37 
170 86 82 38 74 то 6 б 59 56 з о 47 44 4 39 37 
180 86 | 82 58 м о 6 6 359 56 353 5 47 44 4 39 37 
190 86 82 7 7 P 6 62 539 56 53 5 4] 44 41 39 37 
200 86 | 82 78 74 pP 6 ба 59 56 53 5 47 44 4 39 37 
210 86 82 78 п то 6 ба 59 6 з 5 47 44 41 39 37 
220 86 | 82 7 74 то 6 62 5 56 53 5 47 44 41 39 37 
230 86 | 82 78 м о 6 62 бо 56 53 5 47 44 41 39 37 
240 86 | 823 78 74 то 6 6 59 56 з 5 47 4 41 39 37 
250 86 8&2 578 ми то 66 ба 359 56 53 5 47 44 4 39 37 
260 86 82 58 74 P 66 ба 59 56 з о 47 44 4 39 37 
270 86 | 82 7 м то 66 62 5% 56 53 5 47 44 41 39 37 
280 86 82 38 74 то 6 б 59 56 з 5 47 н 4 39 37 
290 86 82 78 м о 6 ба 59 56 з о 47 н 4 39 37 
300 86 82 78 74 то 66 62 359 56 53 50 47 44 4 39 37 
310 86 | 82 78 74 то 6 62 359 56 з 5 47 44 41 39 37 
320 86 82 78 ми о 6 ба 39 56 з 5 47 4 4 39 37 
330 86 82 7 7 о 6 62 59 56 53 350 47 44 А 39 37 
340 86 8 75 n P 66 б $9 56 5з о 4 44 4 39 37 
350 86 | 82 58 74 p 6 ба sg9 56 з о 47 A44 a4 39 37 
TABLE OF RECIPROCALS (L/N) 
n I/n n I/n n т/п n 1/n n т/п n I/n 
6 0.167 II 0.0909 16 0.0625 2I 0.0476 26 о.0385 31 0.0323 
е; 0.143 12 0.0833 17 0.0588 22 0.0455 27 0.0370 32 0.0313 
8 0.125 13 0.0769 18 0.0556 23 0.0435 28 0.0357 33 0.0303 
9 O.III I4 0.0714 19 0.0526 24 0.0417 29 0.0345 34 0.0294 
IO О. 100 Ij 0.0667 20 0.0500 25 0.0400 30 0.0333 35 0.0286 
36 0.0278 


Record skin-to-axis distances by means of underscoring lines drawn on a transparent sheet placed upon the TAR sheet for the field 
size selected. Draw each underscoring line to correspond to the proper skin-to-axis distance (labels асгоав top of sheet) and angle of 
beam entry (labels down left-hand column of sheet). Draw a horizontal arrow toward the o? Jebel. To find average TAR, add and 
average the individual TAR values (not the labels) underscored. 
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Fic. 1. Computer print-out for 3 beams, edi 4 cm. wide, entering at o^, 120? and 240°. The digits comprising 
the isodose lines represent tenths of the maximum dose generated. The symbol $ represents this maximum 
dose. Print-out scale of 3 inch=2 cm. produces 27 per cent magnification, which can be reduced to actual 
life size by projection: o? beam enters at right. When figure is turned counterclockwise 90°, it represents the 


dosage distribution in a slab of tissue 22 cm. thick and 36 cm. wide. 
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out significantly disturbing the dose distri- 
bution. 

In 1957 Kornelson® evolved a precalcu- 
lated dosage system for opposed arcs to be 
applied from the lateral aspects of the 
trunk. This approach, however, jeopardizes 
the laterally situated lungs, kidneys, and 
femurs. In 1961, Jacobson e/ 2/5 published 
isodose charts for 240° arcs at radii of 55 
cm. and 95 cm. (but notat 75 cm.) showing 
where best to place the axis of rotation 
relative to the patient's tumor center. 
Tsien?! and Sterling e£ 411 showed the 
applicability of tabulating machines and 
computers to dosage problems whereby 
complete cross-sectional dosage distribu- 
tions could be calculated and printed out in 
3 to 15 minutes per problem. The rotational 
problems in these programs were designed 
from the skin surface toward the center, 
i.e., dependent in each problem upon the 
individual contour of the patient. 


MATERIALS AND METHODS 


Tissue doses, expressed in per cent of tu- 
mor/air dose ratio were read for each point 
on a polar grid (every 10° on concentric cir- 
cles of radius І, 2, 3, 4, 5, 6, 8, 10, 12, 14, 
16,* 18* and 20* cm.) from a set of Atomic 
Energy of Canada, Ltd., Theratron B Iso- 
dose Charts for 6 nominal axis-field sizes 
(4X 10, 6X 10, 8X 10, 10 Х 10, 12 Х 12, and 
15X15 cm.). The data for field width 6 cm. 
are presented in Table 1x. Tumor/air dose 
ratios, arranged in compatible format, are 
exemplified in Table 1. 


ADDING MACHINE SYSTEM 


A set of 12 tables comprises all the data 
required for adding machine computation. t 


TABULATING MACHINE SYSTEM 


The following suggestions are offered for 
processing the data for use in automatic 
tabulating machines: 

I. Tissue doses can be punched onto 6 
sets of 36 decks of 36 IBM cards each (total 
7,776 cards) and arranged so that the radi- 


* Values extrapolated. 
T Available from author. 
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ologist may obtain, at will, print-outs of the 
tissue doses at 469 points for a choice of any 
or all of 36 angles of treatment beam direc- 
tion for any or all of the 6 field sizes (Fig. 
2). Field length has negligible effect upon 
tissue dose distribution in the transverse 
plane of rotation, and it 1s felt that the 6 
field widths selected cover most of the field 
sizes a radiologist would use. 

2. The print-out data for the desired 
dose distributions can be transferred to 
polar charts and 1sodose lines interpolated 
and drawn. 

3. The isodose lines can then be retraced 
on other polar charts so that the original 
data (469 three digit entries) will not show 
on the final isodose charts. 

4. The final 146 charts can be photo- 
graphed onto 35 mm. film from which 2X2 
inch slides can be made. These slides can be 
projected life size onto patient's body cross- 
section contours for direct application to 
clinical teletherapy problems. 


COMPUTER SYSTEM 


Sophisticated computers can operate 
from 6 sets of 36 punch cards. The answers 
for the dosage problems can be printed out 
as (a) listings, (b) Cartesian distributions, 
or (c) properly interpolated isodoses com- 
posed of either small numerals (e.g., 
99999 = 90% 1sodose line) or actual contour 
lines depending on the degree of sophistica- 
tion of the computer. Projection slides of 
(c) can be prepared for clinical use. 

Description of Punch Cards. A typical 
punch card for use with the tabulating 
machine method is shown in Figure 3. 
Explanation of abbreviations 1s as follows: 


RT = Radiation technique, designated 
by number. Our technique No. 1 
is for cobalt 60 with source 
diameter 2 cm., source-collima- 
tor-distance 33 cm., and source- 
center-distance 75 cm. 

FW =Field width (60% isodose line) 
as measured at the axis. 
BDD - Beam direction, degrees, as de- 

picted on a polar chart labeled 
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Fic, 2. Illustration shows 1st page of print-out listing of depth doses at all 469 points in the polar grid in per 
cent of 2X TAR (the number of beams X TAR) since the tabulating machine only adds—it cannot divide, 
average or normalize. Dosage distribution is from 2 beams, 4 cm. wide, entering at o? and 90". 


counterclockwise from the o? (or radii, in centimeters, of con- 


position. The patient's anterior 
surface faces this o° position. 
These beam directions are indi- 
cated by the labels in the left 
hand column of the TAR sheet. 
They are printed on the right 
margin of corresponding punch 
cards and used for filing. 


PPD = Point position, degrees. This 15 


used to designate location of 
dosage points upon concentric 
circles within the patient, as 
depicted by the polar chart, and 
as depicted by the left hand 
column of depth dose sheets. 
PPD also equals 360° minus 
BDD (see Appendix п for de- 
tails). 


О = The rotational axis. 
1—20 = The labels for the ring numbers 


centric circles) within the pa- 
tient corresponding to the top 
horizontal line across the depth 
dose sheet. This, together with 
the point position 1n degrees 
(PPD), completes designation 
of dosage points (according to 
polar co-ordinates) within the 
patient as depicted on the polar 
chart. 


SEQU=Sequence. The cards for the 


entire technique are punched in 
sequence from ooor through 
7776. In case they are spilled 
they can be reassembled in 
proper order by a mechanical 
collator. 


Content of Punched Cards. Each depth 
dose sheet contains 36 lines of data (re- 
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DEPTH DOSES (PERCENTAGE OF TUMOR/AIR DOSE RATIO) DELIVERED TO POINTS IO? 
APART ON VARIOUS CIRCLES OF RADIUS R INSIDE THE PATIENT 


FIELD WIDTH 6 CM. AT AXIS, COBALT 60, SOURCE-AXIS-DISTANCE 75 CM. 

















Point 

Location Radius (R) of concentric circle within patient (cm.) 

Degrees по 2.0 3.0 4.0 бо б.о 8.0 10.0 12.0 14.0 16.0 18.0 20.0 
360 109 119 129 139 150 163 190 222 252 308 366 424 488 
350 109 118 127 138 149 161 182 196 190 161 202 158 102 
340 108 117 125 133 131 126 92 42 20 
330 *— 107 115 19 IH 97 74 25 
320 106 112 103 87 бо 33 
310 IOg 103 87 62 32 
300 103  IOO 74. 48 25 
290 102 91 62 36 
280 109 87 56 30 
270 99 84 52 29 
260 98 82 51 29 
250 96 82 65 33 
240 95 83 бо до 21 
230 94 84 66 48 29 
220 93 84 71 58 42 29 
210 92 85 76 68 64 44 26 
200 92 84 78 72 64 57 42 29 20 
190 91 84 93 72 66 61 £2 44. 36 30 24 19 
180 91 84 77 25 66 61 52 44 38 33 28 24 2I 
170 91 84 77 72 66 61 52 44 36 3o 24. 19 
160 92 84 78 72 64 57 42 29 20 
150 92 85 36 68 $4 44. 26 
140 93 84 71 58 42 29 
130 94 84 66 48 29 
120 95 83 бо 40 2I 
IIO 96 82 65 33 
100 98 82 ŞI 29 

90 99 84 52 29 
8o 100 87 56 30 


Transfer the transparency from the TAR sheet to the depth dose sheet for the field size selected. With ruler and pencil, extend all 
underscoring lines across the full width of the paper. Points for dose-finding within the patient are designated by radius of concentric 
circle (with labels at tops of the vertical columns) and position in degrees on each circle (horizontal lines with labels at left). Point 
the arrow at the degree position desired and consult the appropriate vertical column. Adding and averaging underscored depth dose 
figures for selected points (or for all points) gives the average depth dose at each point in per cent of TAR. 
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ТавіЕ H (Continued) 
Point 
Location Radius (R) of concentric circle within patient (cm.) 
Degrees О 2.0 3.0 4.0 §.0 бо 8.0 10.0 12.0 14.0 16.0 18.0 20.0 
70 102 gt 62 36 
бо 103 тоо 74 48 29 
50 105 103 87 62 32 
40 106 112 103 87 бо 2 
30 107 dit AiG: БИ 97 74 26 
2 108 17 12 134 131 126 92 42 2 
10 109 118 127 138 149 161 182 196 190 161 202 158 102 
109 119 129 139 150 163 190 222 252 308 366 424 488 
log 118 127 138 149 161 182 196 190 161 202 158 i102 
108 117 125 133 13: 126 2 42 20 
107 115 Lig III 7 7 25 
106 112 103 87 бо 33 
105 тој 87 62 2 
103 100 74 48 22 
[02 91 62 36 
100 57 56 30 
99 84 §2 > 
95 82 $1 29 
96 | 82 6$ 33 
95 83 60 40 21 
94 84 66 48 29 
93 84 71 58 2 29 
92. 85 76 608 54 44 26 
92 84 78 72 б 57 p 39 2 
91 84 77 72 66 67  Á $32 44 36 3 24 H 
91 м 77; 72 66 (61 52 44 38 3 28 4 n 
91 84 77 92 66 61 25 44 36 30 24 1g 
92. 84 78 72 64 57 42 29 20 
92 85 76 68 54 44 26 
93 84 71 58 42 39 
94 84 66 48 29 
95 83 6o 40 21 
96 82 65 33 
98 82 61 29 
99 84 n а 
100 87 56 30 
102 gi 62 36 
103  ICO 74 48 22 
106 103 87 62 32 
106 112 т; 87 бо 33 
107 115 по III 97 s. 24 
108 117 125 133  I31 126 92 42 20 
109 118 127 138 149 161 182 196 190 161 202 158 102 


peated for the convenience of adding ma- 
chine users). One punched card depicts one 
line; thus 36 cards are required to repro- 
duce the information on a single depth dose 
sheet. Assuming BDD =о, the depth dose 
sheet or a print-out listing of the corre- 





sponding 36 punched cards would give the 
depth doses at 469 points within the patient 
resulting from a single stationary beam enter- 
ing ato’. There are, however, 36 such beam 
directions to consider. In the adding ma- 
chine svstem, these are indicated bv the 
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Fig. 3. Sample punch card for one line of one depth dose sheet. Column label 
abbreviations are explained in the text. 


underscoring lines on the tracing-paper 
dose-finder (see Adding Machine Proce- 
dure). In the tabulating machine system, 
these beam directions are indicated by 
preparing 36 decks of punch cards differing 
only in that the BDD figure differs by 10° 
for each deck. From these 36 decks are 
selected only those decks which correspond 
to the directions of beam entry involved for 
each separate dosage problem. 


OUTLINE OF COMPUTER PROGRAM (IBM 709) 


1. Depth dose data from 216 punch 
cards are converted from polar to Cartesian 
co-ordinates. 

2. These data can be punched onto other 
cards or stored in the computer's memory 
tape. 

3. The depth dose readings for each 
beam size are fitted with a fourth order 
exponential equation. The resulting coeffi- 
cients of the equations are punched on 3 
IBM cards per beam and used as input data 


for later calculations. 

4. The beam directions for which sum- 
mated data are to be obtained are supplied 
to the computer. 

с. The computer is instructed to add up 
the data at 80 points in each square inch, 
find the maximum value within a variable- 
sized rectangle centered at the rotational 
axis, take this maximum value at 100, and 
normalize all other data to this value. 

6. The print-out is in isodose curves for 
IO, 20, 30, 40, 50, 60, 70, 80 and go per cent 
of the maximum value. Values lying within 
+1 per cent of these decile lines are printed 
wherever they occur (e.g., 80 +1 per cent is 
printed as a series of eights—the character 
for the 80% isodose line). The scale is $ inch 
on the print-out sheet equal to 1 cm. inside 
the patient. 


REVIEW OF PHYSICAL FACTOR DEFINITIONS 


I. A half-value layer of 11.1 cm. of lead 
is used. 
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2. The distance from the cobalt 6o source 
to the center of rotation (SCD) is held 
constant at 75 cm. 

3. (a) Treatment field dimensions are 
expressed in terms of field size as 
measured at the axis. In practice, 
this involves placing a ruler or 
sheet of graph paper on the treat- 
ment table 75 cm. from the source 
and adjusting the light localizer 
shutters (patient absent) until the 
desired field dimensions are out- 
lined. The patient is then posi- 
tioned without changing the field 
size. 

One can also pre-set the field size 
at 75 cm. by marking appropriate 
scales on the collimator shutters, 
or by placing an appropriately 
engraved transparent plastic in- 
sert in the flange below the shut- 
ters. Some commercial machines 
have the field size at the axis 
alreadv engraved on the collima- 
tor scales. 

If the patient's skin field is rela- 
tively perpendicular to the treat- 
ment beam, this can be drawn in 
ink on the patient's skin at a 
source-skin-distance of 74 cm. 
The patientis then moved so that 
a source-center-distance of 75 cm. 
results. 

4. Intensity (roentgen output) 15 ex- 
pressed as r per minute in air at a source- 
center-distance of 75 cm. The ionization 
chamber occupies the axis position, and 
measurement 1s made with the collimator 
shutters adjusted for the desired axis-field 
size, as in 3 above. 

5. Tissue doses are expressed in terms of 
yoo rin air as measured at the axis position. 

6. The tissue dose at the axis is measured 
bv placing progressivelv thicker cvlinders 
of unit density material around the ioniza- 
tion chamber, the position of which is never 
changed from 7$ cm. source-center-dis- 
tance. 

7. The tissue dose at the axis of rotation 
per 100 r in air at the axis is known as the 


(b) 


(c) 
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tumor /air dose ratio. 

8. Placement of the axis of rotation to 
coincide with the tumor center is rarely 
appropriate and then only in some cases of 
360° rotation. Single arcs generate a carci- 
nocidal dese zone whose center falls up to 6 
cm. superficial to the axis; hence, centering 
should be made according to the axis place- 
ment guide (see Table mr) designed for use 
with the method. 

9. For an arc of given span, more “fields” 
are available for crossfiring the tumor if 
they are narrow; fewer if they are wide. 
Therefore, central axis percentage depth 


TABLE HI 
THE AXIS PLACEMENT GUIDE 


SOURCE DIAMETER 2 CM., SOURCE-COLLIMATOR- 
DISTANCE 33 CM., SOURCE-AXIS DISTANCE 75 CM. 


Field. width Arc Axis displacement 
at 75 cm. (degrees) (cm.) 
4 120 о.9 
4 180 ou 
4 240 Q.4 
4 300 О.І 
6 120 1.6 
6 180 0.8 
6 240 о.б 
6 200 ба 
8 120 2.8 
8 180 1.3 
8 240 0.8 
9 300 O.4 
IO 120 ds 
10 180 3 
IO 240 I.O 
10 300 O.4 
1 120 5.4 
12 180 3.3 
12 240 0 
12 300 Qu 
pe 20 Т4, 
15 180 47 
15 240 2.0 
16 200 0.9 


Displace the rotational axis the indicated number of cm. deep 
to the tumor’s center in order to place center of 80% isodose area. 
at tumor’s center. 
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dose in arc therapy is greater for narrow 
fields and less for wide fields, since the dose 
gain from utilizing a large number of 
"fields" within a given arc span more than 
offsets the dose loss due to reducing the 
width and area of each field. 

10. In this dosimetry system, rotation is 
imitated by assuming entry of stationarv 
beam at 10° intervals. 


PROCEDURE 
I. FINDING THE AVERAGE TUMOR/AIR DOSE RATIO 


I. Obtain the patient's body cross- 
section contour on transparent material. 

2. If moving beam techniques are to be 
used, consult the axis placement guide (see 
Table пл) to determine proper position of 
axis with reference to patient’s skin outline. 
Choose field size and angles of beam entry 
to be used. 

3. Place patient’s outline transparency 
upon a polar chart with axis of rotation at 
the center of the chart (Fig. 4). (The polar 
chart should consist of concentric circles 
whose radii vary by 1 cm. from 1 through 
20 cm. Radii should be drawn in every 10 
degrees around the circle.) 

4. Now place a piece of tracing paper 
over the tumor/air dose ratio sheet for the 
field size selected. 

5. For proper registry, trace the follow- 
ing two lines: (a) the horizontal line under- 
scoring the skin-to-axis distances near the 
top of the page, and (b) the vertical line 
joining the periods which follow the “‘angle 
of beam entry" labels down the left hand 
side of the sheet (see Table 1). 

6. Draw a short horizontal arrow toward 
the o? label (see Table 1). 

7. Returning to the patient's outline on 
the polar chart, note the distances from 
skin-to-axis along each angle of beam 
entry." Record these distances by finding 
their position on the tumor/air dose ratio 
sheet and by underlining the corresponding 
values. 

8. Adding and averaging the under- 
scored values gives the average tumor/air 


* Skin to axis distances along untreated radii are ignored. 
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dose ratio unique to this patient's cross- 
section. 

The above steps (1 through 8) must 
usually be done for each patient regardless 
of whether one uses the adding machine, 
tabulating machine or computer system. 
For most cases of 360? rotation, one may 
obtain a pre-averaged TAR value from the 
tables of Haynes and Froese.‘ 


II. ADDING MACHINE PROCEDURE FOR FINDING THE 

PERCENTAGE DEPTH DOSE AT OFF-AXIS POINTS 

1. Remove tracing paper from tumor/air 
dose ratio sheet. 

2. Give it to a technician with instruc- 
tions to extend the underscoring lines all 
the way across the paper with a ruler (see 
Table п). 

3. The technician places the tracing 
paper on the depth dose sheet for the field 
width selected. The format of the depth 
dose sheet is a selection of 468 points for 
dose-finding: 36 points (indicated by degree 
labels in the left hand column) on each of 13 
concentric circles (indicated by radius 
labels in the top horizontal line) within the 
patient. 

4. To find depth doses at any selected 
point, place arrow at degree value, find 
radius value, add and average the under- 
scored figures in that column. This should 
require 40 to бо seconds per point. It is 
recommended that a tally sheet be made in 
the format of the depth dose sheet for re- 
cording the answers. 

5. Suggested manipulation of data com- 
prises: 

(a) Selected points (“ада and multiply" 
method): This is done faster with a desk 
calculator capable of multiplication than 
with a simple adding machine. 'The percent- 
age depth dose values are first added. The 
averaging of values can be done by multi- 
plying the sum by the reciprocal (1/n) of 
the number of underscoring lines (n). This 
procedure is faster than dividing the sum 
by n. If some additional normalizing factor 
other than 100 per cent of tumor/air dose 
ratio is desired, that factor can be multi- 
plied by 1/n and used as a single multiplier 
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Fic. 4. Place transparency depicting patient's outline and axis position upon polar chart. Read о skin-to-axis 
distances every 10? along treatment arc. 


to average and normalize the summated 
figures in a single step. In no case should 
more than one sum and one multiplication 
be necessary for finding the percentage 
depth dose at a given point.* 

(b) Complete cross-section dose distri- 
butions ("'add-select-decimatg-interpolate" 
method): This can be done with a simple 
adding machine. 


Add: The underscored figures are added 
as before. 

Select: The axis tissue dose, the maxi- 
mum tissue dose generated, or some 
other selected figure is designated as a 
reference value. 

Decimate: One-tenth of the reference 
value is added to itself, subtotaling, 8 
times to obtain the values of each tenth 
of the whole reference value. This list of 
tenths shows the values to be located by 
interpolation in order to obtain isodose 


* As long as there is no mixing of field sizes or "weighting" of 
exposures. 


curves from 10% through 90% of the 
reference value. Perhaps only 3 curves: 
80%, 50%, and 20% would be germane 
to the treatment plan. Only those per- 
centage depth dose values lying on either 
side of the percentage depth dose value 
to be located need be entered on the 
pola- chart. 

Interpolate: Points representing the posi- 
tions of the interpolated dose points are 
recorded on the polar chart and joined, 
thus producing isodose curves. 


IH. ACCOUNTING MACHINE PROCEDURE 


1. The average tumor/air dose ratio is 
found by an adding machine or manually 
for each patient as in I. 

2. Finding the percentage depth dose at 
off axis points. 

(a) Select from the punch card file the 
36-card decks corresponding to the desired 
field width and angles of beam entry. 

(b) Place the decks in the collator so 
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that the cards will be resorted by point 
position (corresponding to the left hand 
column and arrow in the adding machine 
method). 

(c) Feed the collated decks into an IBM 
402 or 407 tabulating machine. 

(d) A print-out will be obtained in 4 to 
30 minutes showing summated percentage 
depth dose values in the same format as the 
depth dose sheet of the adding machine 
method. Save this print-out sheet to furnish 
values directly for selected points in terms 
of percentage of tumor/air dose ratio or for 
selected points to be normalized to some 
other value (as in II 5(a) above), or for 
complete cross-sectional dose distributions 
(as in II 5(b) above). 

(e) The punch cards are returned to the 
collator to be re-sorted by angle of beam 
entry and then filed. 


IV. ELECTRONIC COMPUTER PROCEDURE 


I. The average tumor/air dose ratio is 
found by adding machine or manually for 
each patient as in I. 

2. Select from the file the 2X 2 inch slides 
corresponding to the desired treatment 
plan. 

3. Establish axis position with reference 
to the patient's contour drawing as indi- 
cated in the axis placement guide (Table 
III). 

4. Apply the projected dosage data 
directly to the contour drawing. 


THE BASIC LIBRARY 


The punch cards in file can be used to 
obtain 146 basic dose distributions which 
can be made available in 3 forms: (1) dupli- 
cate files of punch cards for those who wish 
to conduct other dosage schemes in addi- 
tion to the basic 146; (2) print-out sheets 
for those who wish to interpolate isodose 
curves for themselves; and (3) 2X2 inch 
slides of the 146 basic distributions. 

An outline description of the 146 prob- 
lems is as follows: 

I. Distributions for all 6 field width sets 
(4, 6, 8, 10, 12and 15 cm.) 
A. Stationary beams: two directions, 


II. 


о and go, 120, 150 and 180- 

degrees. 

B. Stationary beams: three direc- 
tions, 6, 140, 220; O, 130, 230; O, 
120, 240; and o, 90, 270-degrees. 

C. Stationary beams: four direc- 
tions, о, 90, 180, 270; 30, 150, 210, 
330; 40, 140, 220 and 320-degrees. 

D. Stationary beams at 180? opposi- 
tion with o:180 “loaded” dose- 
wise 2:1. 

E. Arcs of 120, 180, 240, 300 and 
360-degrees. 

Е. Opposed anterior and posterior 
arcs of span I00, 120 and 140 
degrees each. 

Special problems: Only for the field 

widths specified. 

A. Three beams of mixed widths for 
total pelvis. 

(1) o, 120 and 240-degrees at field 
width 15, 12 and 12 cm., 
respectively. 

(2) o, 130 and 230-degrees at field 
width 15, Іо and Io ст., 
respectively. 

(3) 0, 140 and 220-degrees at field 
width 15, 8 and 8 cm., respec- 
tively. 

B. Two arcs (anterolateral and pos- 
terolateral) bilaterally for para- 
metria for field widths 4 and 6 cm. 
(1) 80° arcs. 

(2) 100? arcs. 

C. One anterior arc for internal 
mammary lymph node chain in 
field width 6 and 8 cm. 

(1) 80° arc. 

(2) 100° arc. 

D. Six beam directions with double 
dose loading on the o and 180° 
beam directions for esophagus (to 
deliver 4,000 r tumor dose ante- 
riorly and posteriorly; 2,000 r 
tumor dose through 4 oblique 
fields). 

(т) Field width 8 cm. only: 2 Хо, 
50, 130; 2X180, 230, 310- 
degrees. 


(2) Field width 6 cm. only: 2 Хо, 
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40, 140; 2 X190, 220, 
degrees. 


320: 


OPTIONAL NORMALIZATIONS 


The radiologist mav elect to refer tissue 
doses to a dose at the axis other than that of 
100% of tumor/air dose ratio. Other con- 
venient doses of reference are— tissue dose 
rate at the axis in rads per minute, 100 rads 
tissue dose, the dailv tissue dose, and the 
total tissue dose contemplated for the 
course. Tissue doses can be normalized to 
these values bv use of the following con- 
version factors: 

Conversion 

factor (f) 

Output X tumor/air- 
dose ratio (ТАК) 

100/TAR 

Daily Т”; TAR 

Total TD/TAR 


Dose of reference 
at axis (4) 
Machine output in r/min- 
ute in air 
100 rads tissue dose 
Daily tissue dose (TD) 
Total tissue dose (TD) 
The tissue dose (D) obtained from the 
dose-finding transparencv, multiplied bv 
the conversion factor (f) can now be ex- 
pressed as D’ in terms ot A, the new dose of 
reference at the axis, 7.e., DXf- D' (a). 
Details of normalization to the maximum 
dose generated is the subject of a future 
report.'^ 


SUMMARY 


1. A fast tissue dose system for multi- 
feld and rotational telecobalt therapy is 
presented for source diameter 2 cm., 
source-collimator-distance 33 cm., and 
source-center-distance 75 cm. The data 
cover field widths of 4, 6, 8, то, 12 and 15 
cm., as measured at the axis (60 per cent 
isodose line). 

2. Tissue doses at any of 469 points 
within the patient тау be calculated: (а) 
bv adding machine in 40 to 60 seconds per 
point; (b) by automatic tabulating machine 
in 4 to 30 minutes for the entire 496 point 
distribution; or (c) by computer for a li- 
brary of 146 of the 469-point dosage dis- 
tribution in go minutes. 

3. Tumor/air dose ratio and percentage 
depth dose sheets are presented for the 
adding machine system. Sample punch 
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card and print-out formats are presented 
for the tabulating machine and computing 
systems. 

4. Depth dose data presented are nor- 
malized to 100% of tumor /air dose ratio at 
the axis of rotation, but other normaliza- 
tions are possible. 

5. The cross-sectional distributions de- 
veloped from the data are largely indepen- 
dent of patient’s size and shape. 

6. A basic library of 146 dosage distribu- 
tions 18 described. This library can be made 
available in the form of (a) duplicate punch 
cards (b) print-out sheets and (c) 2X2 inch 
slides. 


James E. Turner, M.D. 
416 South Second Street 
Geneva, Ilinois 60134 
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APPENDIX I 


Simplifving Assumptions Made: 

1. Rotation is imitated by assuming en- 
try of stationary beam at 10° intervals. 

2. The tumor ‘air dose ratios correspond- 
ing to the various radial thicknesses of 
patient’s tissue overlying the axis (in 
treated sectors) are averaged to obtain a 
mean tumor/air dose ratio value. This 
value reflects the variations in the patient’s 
cross-sectional contour from that of a 15 
cm. radius cylinder. This mean value 1s 
more accurate than the single tumor/air 
dose rato value corresponding to the pa- 
tient's average radial thickness. 
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3. The percentage depth dose figures for 
axis depth beyond 15 cm. were extrapo- 
lated and hence are less accurate than those 
for depths less than 15 cm. 

4. The percentage depth dose figures for 
entry of stationary beams at 10° intervals 
become less accurate toward the periphery 
of the body cross-section than would figures 
for entry at 1? intervals or for continuous 
entry. They are more accurate, however, 
than figures for beam entry at 30° or 20° 
intervals. This situation will cause skin 
and near-surface doses to be estimated 
higher than the actual dose. 

5. Additional correction for variation of 
body contour from a cylinder, namely the 
Jones-Gregory e + ud factor was considered 
unnecessary for this system. 

6. No correction was made for variation 
of body surface curvature from that of a 
cylinder perpendicular to each 10° beam. 
This would tend to affect the percentage 
depth dose values lying near the edges of 
each beam. 

7. No correction was made for the 
"shoulder" of the tumor/air dose ratio 
versus depth curve: linearity is assumed. 
Estimates of skin dose made as percentage 
of tumor/air dose ratio from the sheets 
presented will thus be slightly higher than 
the actual dose. 

8. The tumor/air dose ratio sheets pre- 
sent values for axis field sizes 4X 10, 6X 10, 
8X10, IOXIO, I2XI2 and 16Х15 ст. 
These values differ from those of other field 
lengths but the same field width. The most 
extreme example is the tumor/air dose 
ratio value for a 4X4 cm. field at axis depth 
16 cm. The charted value in Figure 1 1s 6.5 
per cent higher than the true value. If 
desired, tumor/air dose ratio sheets in the 
format of Figure 1 can be prepared for indi- 
vidual field sizes using the data presented 1n 
the British Journal of Radiology, Supple- 
ments 5 and то. 

9. Off-axis percentage depth dose values 
vary negligibly with field lengths from 4 to 
15 cm. The position of the 80% 1sodose line 
varies I mm. and the 20% 1sodose line 3 
mm. as a maximum. 


J. E. Turner, R. M. Johnson and S. M. Whitfield 
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IO. No correction is made for dose varia- 
tions due to reversal of beam movement at 
either end of an arc. 

These simplifying assumptions have been 
quantitated by several authors, as follows: 


Assumption No. Author 

I, 3, 4, 6,9 Summers ef al. (1964) 
2 Johns e£ a/.5 (1953) 

x Roberts!’ (1956) 

7 Du Sault? (1959) 

ІО Nutall® (1956) 


APPENDIX II 
Explanation of Angle Labeling Formats: 
The angle labels of the depth dose sheets 


are entered in sequence from 360° through 
10°—4.¢., proceeding clockwise around the 
circle. This format is used because a patient 
revolving clockwise before a radiation beam 
carries with him all points for dosage calcu- 
lation in a clockwise direction with refer- 
ence to the beam. The beam, however, is 
entering the patient’s skin in successive 
positions counterclockwise with reference 
to the patient’s starting position. 

This situation allows the dosage-planner 
two choices: (a) Either two sets of angle 
labels must be printed on the polar chart— 
one clockwise for the patient’s dosage 
points and the other counterclockwise for 
angles of beam entry; or (b) a single set of 
angle labels printed on the polar chart must 
proceed in one direction for beam entry, 
while the angle labels printed on depth dose 
sheets for the patient's dose-points must 
proceed in the opposite direction. The 
latter alternative was chosen. (The counter- 
clockwise labeling was retained on the 
TAR sheets because the axis of rotation 
does not lie on any angle-labeled radius. 
Hence, dosage considerations for the axis 
are not affected by choice of either clock- 
wise or counterclockwise angle labeling.) 
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A COMPUTER PROGRAM FOR ROTATIONAL 
TREATMENT PLANNING* 


By WALTER MAUDERLI, D.Sc., and L. T. FITZGERALD, M.S. 
GAINESVILLE, FLORIDA 


|| EXTERNAL radiation therapy utiliz- 
ing a rotational method, the calculation 
of the dose distribution throughout the 
entire cross section of the patient is so 
laborious that it is rarely done as com- 
pletely as would be desired except in model 
cases. It is usual to calculate 4 of 5 points of 
interest in a patient; this ordinarily requires 
about 3 to 4 hours of time. With the wide- 
spread introduction and general availabil- 
ity of high-speed digital computers, it is 
now feasible to calculate the dose at many 
hundreds of points and plot isodose curves 
automatically for individual patients. The 
purpose of the authors 1s to describe a com- 
puter program for completely automated 
rotational treatment planning with auto- 
matic plotting of isodose curves within the 
body cross section. 


DATA PREPARATION 


In contrast to medical diagnostic pro- 
grams where the logic of the program may 
be different from the method actually used 
by the physician, the logic of the computer 
calculation is identical with that employed 
by personnel utilizing a manual calculation. 
A body contour is obtained and transferred 
to paper. From clinical knowledge and 
roentgenograms, the tumor is localized and 
indicated on the paper. Twenty-four lines 
are drawn from the center of the tumor to 
the body contour at 15° intervals. The 
lengths of these lines together with the 
desired field size, method of rotation (turn- 
ing angle) and type of output desired 
(either a print out to scale or a plot of body 
cross section and tsodose curves) are then 
given to the programmer for punching 
onto IBM cards. 

In order to carry out manual calcula- 
tions, one must employ radiation field data 


which are ordinarily given to the treatment 
planner in the form of isodose curves. The 
computer also must have these data, but it 
must be expressed in digital form, #.¢., the 
isodose curves must be “digitized.” 

The digitization is easily accomplished 
by placing a translucent sheet of graph 
paper with 4 inch divisions over the isodose 
curves. The dose value is then found at 
each of the $ inch points on the graph paper 
by interpolation. Only one-half of the 1so- 
dose curve need be digitized since the field 
is assumed to be symmetric. These digi- 
tized data are punched onto IBM cards. A 
still better method, of course, is to measure 
the field data in digital form. A depth dose 
scanning device has been built in this de- 
partment for such a purpose.* 


METHOD 


In rotational treatment planning, one 
usually determines the depth dose at sev- 
eral points within the patient cross section. 
In order to have a picture of the dose distri- 
bution, it is necessary to place the calcu- 
lated dose values at their proper locations 
within the cross section. Likewise, when the 
depth dose values are calculated for many 
points by the computer, it is desirable to 
have a print out of the dose values in the 
proper scale. Computer printers are pres- 
ently set up to print Io characters per inch 
so à convenient spacing between points 
would be 4 inch. By locating the calculated 
dose value at each point at the center of the 
maximum of three digits needed (e.g., 100 
or 052), we may easily print values to scale 
with the dose value points $ inch apart in 
horizontal and vertical directions.’ This 
spacing of lines and points results in a grid 
on which points are located in a system of 
rectangular coordinates. This. grid is called 


* From the Department of Radiology, J. Hillis Miller Health Center, Gainesville, Florida, 
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the dose grid, M, and is illustrated in Fig- 
ure I. To allow for anv size cross section, 
the dose grid is taken to be 39 Х 39 units 
(1 unit J inch). The point with the coordi- 
nates (0, o) ts located at the center of the 
dose grid, which in turn is placed at the 
rotational center (see Fig. 1). The computer 
is programmed to calculate the depth dose 
at each point of M within the cross section 
and to print the results in the 4 inch scale 
discussed previously. 

With multiple field therapy, each point 
of the cross section receives a particular 
dose rate which remains unchanged 
throughout the course of treatment. How- 
ever, in rotational therapy, the radiation 
dose rate at each point varies as the patient 
(or therapy unit) revolves. Theoretically, 
to find the depth dose at a point, one would 
have to consider the contribution of an 
infinite number of stationary fields. How- 
ever, the depth dose value at any point can 
be closely approximated bv considering 24 
fields spaced around the cross section and 
entering at 15? intervals. Each field has a 
weight of 1,24. 

The computer sums the 24 fields in a 
manner described below. The first of the 24 
fields is superimposed on the dose grid at o? 
and the depth dose due to this field is found 
bv interpolation at every point of the dose 
grid which lies within the superimposed 
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field. The second field is then superimposed 
on the dose grid at 15° and again the depth 
dose is found at every point of the dose 
grid within the field and is added to the 
dose already found at these points from the 
first field. This process is continued tor all 
24 fields with the contribution from each 
field added to the contribution of all previ- 
ous fields. The wth field enters at an angle of 
(n—1) 15° оги=1,2, + +, 24. 

The above described summing procedure 
has beer previously used for dose calcula- 
tions with multiple stationary field therapy 
but has not been used with rotational ther- 
apy. The biggest problem encountered in 
extending this approach to rotational 
therapy was the correction of each field for 
nonperpendicular entry. 

In digitizing the field data, we assumed 
that the radiation field was symmetric with 
respect to the beam axis. This assumption 
is valid only when the entire held edge 
(border line between air and phantom) lies 
on the skin or when bolus material is added. 
In rotational therapy the use of bolus ma- 
terial would be impractical. Hence, it 1s 
necessary to correct the digital symmetric 
field data for patient contour variations. 
This correction is done automatically by 
the computer for each of the 24 fields. The 
computer method for this correction is 
briefly described below. 
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Fic. 2. Illustration of the correction method in case 
of nonperpendicular radiation beam entry. 


With rotational therapy the beam axis 
always passes through the center of rota- 
tion and the target-to-center of rotation 
distance remains constant. The skin line 
may cut the radiation field edge at any 
point. (This is illustrated in Figure 2 where 
point 4 is the intersection point of skin and 
the field edge.) Figure 2 shows a general 
case to illustrate the corrections needed in 
the case of too much tissue or too little 
tissue absorption. When using the sym- 
metric field data, all points on the left side of 
the line through the target and point 4 
have values too low since there is too little 
tissue; all data points on the right side of 
the mentioned line have values too high 
since there is additional tissue. The compu- 
ter program takes into account the fact 
that the depth dose at point P is actually 
less than is given there by the symmetric 
beam data obtained from the isodose curves 
because of additional tissue of thickness /. 
(The distance #18 positive if there is addi- 
tional tissue and negative if there is less 
tissue.) The correction process for point P 
is done in two steps: 


(1) The depth dose value at point P" at 
distance ¢ below P (t>o) or above 
P (t <о) is found. 

(2) This value is multiplied by a factor 
to correct for the inverse-square 
change introduced by the shifting 
from P to P. 


Step 1 finds the correct dose value from the 
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standpoint of tissueabsorption, but this dose 
value is not correct from the standpoint of 
target distance due to the shifting from 
point P to P'. Step 2 corrects the dose 
value found in Step 1 for the proper dis- 
tance from the target. This method of 
inverse-square correction is well known. 
The correction factor is 


C +d+ A 

$4]. 

where Sis the target-skin distance, d is the 
depth of point P and ¢ is the thickness of 
tissue. Notice if ‘=o (skin line and field 
edge coincide) that the dose value remains 
unchanged after the two step correction 
procedure. For convenience in computa- 
tion, the shifting from P to P' is done along 
a line parallel to the beam axis. The shifting 
from P to P' should rather be done on a line 
through P and the target; however, for 
target distances exceeding 100 cm., the 
error may be neglected, especially for 
points well within the radiation field. 

With this process, every point of the 
given perpendicular (symmetric) field data 
is corrected so that the depth dose distribu- 
tion 1s obtained for the nonperpendicular 
field. When the field has been corrected, itis 
superimposed on the dose grid M and the 
dose due to this field is found at each point 
of M, within the field by interpolation. 

These dose values are added to the depth 
dose from any previous fields. Since each of 
the 24 fields enters the body at a different 
angle, each field must individually be cor- 
rected for nonperpendicular entry by fol- 
lowing the above two correction steps. The 
total dose at each point of the dose grid is 
the sum of the contributions of each of the 
24 corrected fields. 

It is convenient to express the maximum 
dose in the dose grid as 100%. The com- 
puter scans the dose grid M to find the 
maximum value and divides the dose value 
at each point by this maximum and mul- 
tiples by 100. In this way a 100% scale for 
the points is obtained. The dose grid is 
printed out to scale and the patient contour 
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is transferred to the print-out sheet. 

If a plot of isodose curves is desired the 
computer 1s instructed to scan each scaled 
point in the dose grid and interpolate to 
find the coordinates of all 40% points. A 
Cal-Comp digital x-y plotter draws a curve 
through the points. The coordinates of the 
50%, 60%, 7090, 80%, 90%, and 95% 
points are found in a similar manner and a 
curve is drawn through them. An X is 
drawn at 100% points and the patient 
contour is drawn in by the plotter. 


RESULTS AND DISCUSSION 


With the print out to scale, one mav 
immediately see the entire dose distribution 
within the cross section. However, more 
useful is the plot of isodose curves within 
the body. With this plot no additional 
manual plotting 1s necessary as is the case 
with the print out to scale. Figure 3 shows a 
typical print out to scale of the dose distri- 
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bution resulting from a course of rotational 
therapy with a 2 mev. Van de Graaff unit 
with a distance of 110 cm. from the target 
to the center of rotation. Figure 4 illus- 
trates & plot of the isodose curves and pa- 
tient contour for the same case directlv as it 
comes from the computer. 

Various methods for automation of treat- 
ment planning have been previously de- 
scribed by Dalrymple and Perez-Tamavo,' 
Siler and Laughlin,’ Tsien,’ and others.*^ 
In 1963, Sterling, Perry and Weinkam® 
suggested a simple method of expressing 
dose distributions and a method of direct 
print out to scale of treatment plan results. 
However, to see the complete isodose dis- 
tribution, one still has to manually draw in 
isodose curves. Sterling and his group 
applied this approach with multiple con- 
vergent and nonconvergent fields. The 
calculations for rotational treatment plan- 
ning, as might have been expected, were 
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Fic. 3. Print out to scale of depth dose distribution for a 2 теу. Van de Graaf unit 
and a target-axis distance of 110 cm. 
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Fic. 4. Plot of patient contour and isodose curves. 


considerably more complex. Our paper is 
the first account, to our knowledge, of a 
computer program for completely auto- 
mated rotational treatment planning with 
automatic plotting of isodose curves within 
the body cross section. 

The use of digital computers for rota- 
tional planning has been hindered by (1) 
the complexity of the mathematical calcu- 
lations necessary for the estimation of 
depth dose with nonperpendicular beam 
entries, and (2) the necessity for connecting 
points of equal dose by lines drawn in by 
hand in case of a digital print out. The 
program in this paper has overcome these 
two obstacles. As suggested by Perez- 
Tamayo, it is now possible to prepare li- 
braries of different body contour treatment 
plans with different field sizes for use in 
institutions without access to a computer. 
At institutions where a computer is avail- 
able, many treatment plans may be pre- 
pared for individual problems of a unique 
nature. 


The program, together with detailed 
mathematical formulation of the correc- 
tions for nonperpendicular beam entry and 
flow sheets for the IBM 709, has been pre- 
pared and is available on request. Execu- 
tion time for the IBM 709 is about 4$ 
minutes. The method is currently being 
used on all patients requiring rotation. 


SUMMARY 
A method has been described for the 


automatic computation of a rotation treat- 
ment plan and the automatic plotting of 
isodose curves within the body cross sec- 
tion. The procedure is in routine use. 


APPENDIX 


When considering the mathematical ap- 
proach used for nonperpendicular beam 
entry corrections, it is convenient to repre- 
sent the digital field data on a rectangular 
grid system with 4 inch between adjacent 
points. The field edge (border line between 
air and phantom) serves as abscissa and the 
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central axis of the beam as ordinate. The 
digital feld data are obtained from isodose 
curves for a particular target-skin distance 
(TSD) or from direct measurements with a 
depth dose plotting device. The treatment 
distance (target-to-axis of rotation) is 
denoted by TAD. The abscissa of each field 
superimposed on the dose grid is tangent to 
a circle about the axis of rotation whose 
radius is the difference between the TSD 
and the TAD. 

For generality, consider the wth field, 
where 271,2, + - - , 24. The entry angle of 
the nth treatment field is (7 — 1) ·- А, where 
Аф = 159. The coordinates (Xo, Yo) of the 
origin of the wth field in the dose grid coor- 
dinate svstem are: 


Xo = D-cos [(п — 1): A9] 
Y, = D-sin [(2 — 1): Ae], 


ё 


(1) 


where D is the difference between the TSD 
and the TAD. 

Let (x, y) be the coordinates of any point 
in the wth field coordinate system as shown 
in Figure 5. Let / be the distance from the 
held abscissa to the skin line at the point 
(x, 0). The coordinates of the point (x, o) 
with respect to the dose grid coordinate 
system are: 


AX = x*cos Ки + E Ae] +X 
Y = xsin (и + 5)-Аф| + Yo, 


where Хо and У, are defined in Equation 1. 

A line is constructed through (.X, Y) par- 
allel to the beam axis. This line is given in 
point-slope form bv: 


Ye — Y — m- (Xg — X) = O, (3) 
where (Ао, Ус) is any point on the line and 
m 18 the slope of the line (slope of central 
axis) in the dose grid system. In case the 
slope is infinite, the equation of the line is: 


Xe- X = о. (3a) 
Consider the equation 
T = Ye — Y — m- (Xo — X). (4) 


The value of T is zero for points on the line. 
For points not on the line, T is not zero and 
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Fic. 5. Detailed geometry for a radiation beam with 
nonperpendicular skin entry. 


the sigr of Tis different for points on oppo- 
site sides of the line. 

In order to find the value ¢ (thickness of 
of tissue), the computer must determine 
between which two points on the patient 
contour the line through the point (Х, У) 
passes. To find these points, the computer 
tests the sign of T, for points on the con- 
tour to determine when a sign change oc- 
Curs, 
where 


Ta = Rye [sin (2 — 1:Ae] — m 
-cos |(2 — 1)-Ad]} + — Y 


and А, 15 the distance from the center of 
rotation to the wth contour point. 

A change in the sign of 7, indicates that 
the two last tested points lie on opposite 
sides of the line through the point (X, У). 
This liae must, therefore, intersect the con- 
tour somewhere between these two points. 

Suppose when testing, the computer 
finds that the signs of T; and Т, are differ- 
ent. Тлеп the line passes between the con- 
tour points with polar coordinates (R, 
(J — 1)- 4$) and (Ка, j- Аф). The rectangu- 
lar cocrdinates of these points are: 
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X; = R;-cos [Q — 2:49] 
У, = Rysin [(j — 1)-Ag] 
Хал = Rja:cos [j Ael 
Үн = Raisin [j A6]. 

The line through the two contour points 
whose coordinates in the dose grid system 
are in Equation 6 is intersected with the 
line given by Equation 3. The coordinates 
in the dose grid system of the point of inter- 
section of these two lines are: 


(6) 


Xr 
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this field is found at each point of the dose 
grid by linear interpolation. The total dose 
is found by the summing of all 24 fields, 
each corrected in the manner described 
above. 

The same method of nonperpendicular 
entry correction can also be applied to 
stationary nonconvergent fields. 

Presently, we are investigating the effect 
of body inhomogeneities upon the depth 
dose distribution. In the future, corrections 


(7) 


Iac Typ Agi Ag) m 


Yr x Y + m: (Xr == X). 


In the case m is infinite, the point of inter- 
section is given by: 

Хү = X 
QC — X): Ym — Y) 
| Хр — А; 
The distance between CX, Y) and (Xr, Yr) 


is Å 


Y; + у, (78) 


ПИСАРА РОЈ x9 


The sign of # is determined by comparing 
the respective distances of the points (X, 
Y) and (Xi, Yı) from the origin. 

To correct the dose at the point (x, y) in 
the radiation field, find the dose at depth 
y+éby linear interpolation and multiply by 


(- dyes у 

S + y 
where 5 is the target-abscissa distance. The 
value ¢ is used in the correction of all data 
points on the line through (x, o), which are 
parallel to the beam axis. When one column 
of field data is corrected, the value of ¢ for 
the next point on the field abscissa is found 
and that column is corrected. When all 
data points for the field in question have 
been corrected for nonperpendicular beam 
entry, the field is superimposed on the dose 
grid and the depth dose contribution from 


for inhomogeneities shall be added to the 
computer program now in use. 


Walter Mauderli, D.Sc. 
Department of Radiology 

J. Hillis Miller Health Center 
Gainesville, Florida 
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A SIMPLE, INEXPENSIVE, MANUALLY-OPERATED 
ISODOSE PLOTTER 


By J. EUGENE ROBINSON, Pu.D., and К. S. McDOUGALL, B.Sc. 
BALTIMORE, MARYLAND 


QNE of the most essential pieces of 
equipment in a modern Radiotherapy 
Center is an isodose plotter. Although most 
manufacturers supply a limited number of 
isodose curve charts with their radiother- 
apy equipment, they cannot supply infor- 
mation to fit the special needs of individual 
departments. There are many descriptions 
in the literature of isodose plotting systems. 
Most of the ones described are technically 
sophisticated, automated plotters. In gen- 
eral, because of complexity, they are expen- 
sive and difficult to construct; and, perhaps 
more important in the long run, they are 
not easy to maintain. In this paper, a plot- 
ting system is described which fulfills most 
requirements and yet is inexpensive to 
build and has proved to be essentially 
maintenance free. 

The basic requirements for an isodose 
plotting system are: (a) remote drive of the 
radiation detecting probe; (b) a marking 
system to indicate probe position; (c) a 
measuring phantom which simulates radia- 
tion absorption and scattering of the pa- 
tient; and (d) appropriate radiation de- 
tectors. 


POSITIONING MECHANISM 


Plotting systems are conventionally 
centered around an X-Y drive system 
which moves a detector in the radiation 
beam and duplicates this motion at a plot- 
ting table in the control area. The mecha- 
nism which we have designed is operated 
by two pairs of selsyn motors. The X-Y 
pair on the plotting table (Fig. 1) is manu- 
ally driven by means of the two black knobs 
(seen 1 in the illustration) and a pulley-and- 
string system coupled to the supporting 
blocks of the motors. The knobs are radia- 
tor valve handles and the string is silk fish- 
ing line coated with rosin. The blocks are 


supported by linear bearings which move 
along precision-ground steel rods, one-half 
inch in diameter. As the knobs are manu- 
aly rotated, the supporting blocks are 
pulled along. This linear motion is trans- 
lated into rotary motion of the selsyn 
armatures by means of a pinion attached 
to the shaft of the armature and a fixed 
rack attached to the plotting table frame. 
The companion system which drives the 
ionization chamber in the water phantom 
operates in a complementary manner. 
Since the armature of the driving selsyn is 
rotated as it is pulled along a rack on the 
plotting board, the armature of the receiv- 
ing selsyn is rotated and a pinion, mounted 
on its shaft, rolls along a rack mounted on 
the phantom assembly and drives the 
detector in the phantom. The support is 
again made by linear bearings. The me- 
chanical assembly at the water phantom is 
mounted on an angle-brass frame-work 
which is easily removed from the water 
tank when the equipment is placed in 
storage. 

The drive system moves so smoothly on 
its support bearings that there is little or no 

"electrical spring" or slippage between the 
selsyn motor pairs. This has been tested by 
establishing an index between positions of 
detector in the phantom and marker at the 
plotting table and violently driving the 
system over its complete range of travel. 
Reproducibility of indexing was found to 
be better than one-tenth of a millimeter. 


MARKING SYSTEM 


The marking system is somewhat unique. 
A “Model T" Ford spark coil is used to 
step up the voltage from a 6-volt battery. 
When a foot switch is pressed, the potential 
generated is sufficient to produce a spark 
between the marking pointer and conduc- 
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Fic. 


I. Plotting table assembly. 


tive recording paper* placed on the plot- 
ting table. The sparking potential and 
height of the pointer can be adjusted to 
vield a clear mark of any convenient size. 


WATER PHANTOM 


The measurement phantom (Fig. 2) was 
constructed from 3th inch lucite. The 
joints were bonded with ethylene dichlo- 
ride and mechanically secured with brass 
screws. One side of the tank, rather than 
being solid, has a thin rubber dam or win- 
dow. The di um 15 made from rubber sheeting 
secured by plexiglass clamping blocks. This 
dam (0.2 mm. thick) presents a thin win- 
dow so that a radiation detector can be 
moved close to the surface. An ionization 
chamber probe with a small right-angle 
bend was constructed to make radiation 
measurements at or near the phantom sur- 
face. The probe can be forced against the 
rubber dam so that half the chamber is 
covered by water and half exposed. This 
makes it possible to make radiation mea- 
surements at or near the surface without 
submerging the whole probe and cable 
assembly. 

The system was developed, in part, for 
dosimetry measurements with a betatron. 
Since there are random fluctuations in 
radiation output with such a machine, it is 
convenient, when determining  isodose 
curves, to use the difference in output from 


* Teledeltos Picker Nuclear. 





2. Water phantom, 


Fic. : 


a fixed monitor probe and a search probe. 
The phantom tank has a lucite tube an- 
gling in from one side to accommodate the 
monitor probe. The monitor then can be 
placed in the radiation beam inside of the 
phantom without the necessity of water- 
proofing the cable and probe assembly. The 
tube is mounted on a boss on the side of the 
tank so that it can readily be removed or 


replaced. 


IONIZATION CHAMBER AND PROBE 
ASSEMBLY 


The ionization chamber and probe as- 
sembly which were constructed are shown 
in Figures 3 and 4. The chamber is made 
from muscle-equivalent conducting plastic, T 
with zn internal diameter of 3.5 mm., a 
wall thickness of 1 mm. and an active 
length of 15 mm. The open end is inter- 
nally threaded to screw onto a teflon sup- 
port plug. The central collecting electrode 
is aluminum, with the base end threaded 
for mounting onto the support plug. A thin 
brass washer makes electric contact be- 


T St. Frocopius College, Lisle, Illinois. 
| g 


890 





J. Eugene Robinson and R. S. McDougall 


AvucusT, 1965 


DETAILS of COLLECTING 
ELECTRODE 


Fie. 5. Details of ionization chamber for measuring isodose curves in water. 


tween the chamber wall and the collecting 
voltage lead. 

The stem which supports the chamber is 
made of #һ inch aluminum tubing. One 
end is threaded and screws into a 1 inch 
diameter thin-wall aluminum tube, which 
acts as a pre-amplifier housing. A 32 pitch 
rack is mounted on the side of the support 
stem. This rack meshes with a pinion on 
the search probe support block and is used 
for manually raising and lowering the 
chamber in the phantom. A seven-pin 
“Amphenol” connector is mounted inter- 
nally on the end of the pre-amplifier as- 
sembly to make the necessary electrical 
connections for the chamber and pre- 
amplifier. The pre-amplifier is a modular 
assembly, rigidly mounted in a lucite tube 
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and is "potted" in ceresin wax. 

The plotting system is used for measure- 
ments over a wide range of dose rates. To 
span this range, replicate pre-amplifier 
modules have been constructed containing 
various values for the high-meg measuring 
resistors. Exact duplicates have been made 
for those values most commonly used; and, 
since the modules are “plug-in” units, they 
can be rapidly replaced in event of mal- 
function. In the same way, all parts of the 
ionization chamber and probe assembly 
have been duplicated and can be replaced 
in the matter of minutes. 


AMPLIFIERS 


The amplifiers are of the electrometer 
type and are battery operated. They are 


JUNE PLUGS 





Fio. 4. Pre-amplifier assembly. 
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Fic. 5.64) Cobalt бо isodose curves, 10X10 cm. field, 80 ст. S.S.D.; (B) betatron 35 теу. electron beam 
1sodose curves, 10X то cm. field. 


conventional in design, being basically 
those described bv Steele, which are in 
turn a modification of those described by 
Moodv.? They have been reliable; have a 
negligible drift after a short warm-up 
period, and have a reasonablv linear re- 
sponse. 


ISODOSE PLOTTING PROCEDURE 


A "ratio circuit" and sensitive null volt- 
meter are used in 1sodose plotting. The 
circuit compares the ratio of voltage de- 
veloped bv the movable search probe to a 
known definite fraction of that developed 
by the stationary reference probe. The 

‘гапо circuit" for measuring isodose 
curves In IO per cent steps is a resistor 
chain made of 10 10-K precision resistors 
and an eleven-position switch. In practice, 
the reference probe is placed in the fringe of 
the radiation beam and the search probe is 
moved to the point in the beam which gives 
maximum ionization current. Then a po- 
tentiometer in the out-put circuit of the 
search probe is adjusted until the voltage 
(as indicated by the null voltmeter) is just 
equal to that from the stationary refer- 


ence probe. To locate a go per cent point, 
the switch is set to compare the voltage 
from the search probe to go per cent of the 
voltage out-put from the reference probe. 
The search probe is then moved from the 
radiation source until a null 1s indicated 
by the voltmeter (a 90 per cent isodose 
point), and the position is marked. It is 
faster for us to "search" for other adjacent 
gO per cent points, rather than move the 
probe over a regular grid pattern. The 
same procedure is followed for other 1sodose 
points, 

In many cases it is desirable to measure 
isodose levels other than the standard 10 
per cent steps. To make this possible, 
special resistor chains and switches have 
been incorporated in the svstem. These 
make 1 possible to measure 1sodose points 
differing by either 2 ог 5 per cent and :so- 
dose curves which are normalized to 100 
per cent at the axis of rotation. With the 
system, one can conveniently shift from 
measuring rotational isodose curves, stan- 
dard 1c per cent steps, and fine details in 
areas of interest for a particular isodose 
curve, 


892 


GENERAL PERFORMANCE 


Figures 5, 4 and B; and 6, 4, Band C 
illustrate general performance of the plot- 
ting system. Figure 5 Æ is a plot of a 
тоХто cm. field Кот a cobalt бо tele- 
therapy unit, 5 B is a plot of an electron 
beam isodose curve for an energy of 35 
теу. Figure 6 Æ is a comparison of central 
axis dose curves for 300 kv.p. (H.V.L. of 
4 mm. Cu) roentgen rays, Figure 6 B for 
cobalt 60, and Figure 6 C for betatron 
electrons at 35 теу. The comparison 
bases for the 300 kv.p. and cobalt 60 units 
are published values in The British Journal 
of Radiology, Supplement No. 1o. Those 
for the betatron are comparisons between 
the measured plotter values and those de- 
termined by chemical dosimetry with 
ferrous sulfate. There is excellent agree- 
ment between the values determined with 
the described plotting system and standard 
accepted values. 
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SUMMARY 


The construction and operation of a 
simple, manually-operated isodose plotter 
are described. The estimated cost of the 
equipment (excluding labor) is less than 
three hundred dollars. In operation, in the 
determination of several hundred isodose 
curves during the past 18 months, there 
have been no mechanical failures. Accuracy 
in positioning 1s more than adequate; and 
comparison with standard published values 
for central axis dose indicates sufficient 
accuracy for most clinical applications. The 
speed and ease of operation are such that 
routine isodose curves can be measured in 
20—25 minutes. 


J. Eugene Robinson, Ph.D. 
Department of Radiology 
University of Maryland 
School of Medicine 
Baltimore, Maryland 21201 
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Fic. 6. (4) Central axis depth dose, 4.0 mm. 
Cu H.V.L., тохто ст. field, со cm. F.S.D.; 
(B) central axis depth dose, cobalt 60, 10 
X10 cm. field, 80 cm. S.S.D.; (C) central 
axis depth dose, 35 mev. electrons, 10X 10 
cm. field. 
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STATISTICS IN PHOTOSCANNING* 


By W. C. DEWEY and RICHARD LaROBADIERE 


HOUSTON, TEXAS 


I: IS possible to determine the distribu- 
tion of isotopes im vivo by scanning with 
a collimated scintillation probe and dis- 
playing the information by exposing film 
with a modulated light source.!?:* 7:19 Tn the 
photoscanning methods the intensity of the 
light is roughly proportional to the count- 
ing rate. Therefore, the optical density on 
the film represents the counting rate over 
the source, and variations in optical density 
should represent variations in counting 
rate. However, it is necessary to determine 
when variations in optical density represent 
real changes in counting rate as distin- 
guished from statistical variations in an 
average counting rate obtained from a 
constant source of radioactivity. This can 
be determined only by considering the 
integration process associated with photo- 
scanning. 

In photoscanning there are two integrat- 
ing effects. One form of integration 1s asso- 
ciated with the storage of electrical charge 
by the resistance-capacitance circuit in the 
rate meter, and the other integrating effect 
is associated with the exposure of the film. 
Both integrating effects were considered in 
order to determine the relationship between 
the rate meter time constant, scanning 
speed, light spot size, counting rate, and the 
standard deviation of the fluctuations in 
optical density observed on the photoscan. 
It was then possible to determine the best 
set of parameters in order to detect radio- 
active targets located in a radioactive 
environment. 


MATERIALS AND METHODS 
DESCRIPTION OF PHOTOSCANNER 
A commercial scanning system was used 
in which a 2 inchX2 inch crystal was 


coupled to a continuous light source, the 
intensity of which increased with an in- 


crease 1n counting rate. The pulses from the 
photomultiplier tube were fed through a 
pulse-height analyzer and then through a 
scaling circuit (I, 2, 4, or 8) toa rate meter; 
the output voltage of the rate meter con- 
trolled the intensity of the light bulb. The 
light arrangement consisted of a Sylvania 
Type 48-D telephone switchboard lamp set 
into a small cylinder on the carriage. The 
top of the bulb, frosted for diffusion of 
light, was 1.6 cm. below a 5 Хто mm. rec- 
tangular opening in the diaphragm which in 
turn was I.8 cm. below a lens of 1.35 cm. 
focal length. One of several circular disks, 
each with a different sized aperture (2, 3, or 
4 mm. in diameter) in its center, was placed 
immediately over the lens 1n order to regu- 
late the amount of light reaching the film. 
The rectangle in the diaphragm was fo- 
cused on the plane of the film which was 5.3 
cm. above the lens. 


CALIBRATION OF PHOTOSCANNER 


The photoscan system was calibrated by 
scanning at different speeds while constant 
counting rates were fed into the rate meter 
(Fig. 1). The counting rates were obtained 
by feeding a 60 cycle test signal through the 
scaling circuit, out of which one pulse was 
obtained for every 1, 2, 4, 8, 16, or 32 input 
pulses. All films (Kodak Bluebrand X-Ray) 
were processed in the same manner, and the 
optical density measurements were made 
with an Ansco-MacBeth densitometer. 


STATISTICAL ANALYSIS OF PHOTOSCAN LINES 


A small vial of 1 was used to provide 
the randomly distributed impulses (an 
average of 450 counts/min.) necessary for 
the formation of the photoscan lines on the 
film used for the statistical analysis. The 
vial was securely mounted in a lead single- 


bore collimator attached to the probe. The 


* From the Department of Physics, The University of Texas, M. D. Anderson Hospital and Tumor Institute, Texas Medical Center, 


Houston, Texas. 
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Fic. 1. Optical density obtained on the photoscan as 
a function of counting rate and, as indicated, at 
different scanning speeds. As described under 
Methods, the light apertures were changed for the 
different scanning speeds, Although it is not 
shown, the slopes could also be changed. 


counts or impulses from the source were 
first recorded by a magnetic tape recorder 
connected to the output of the scintillation 
probe. Then, for the photoscan lines the 
impulses recorded on magnetic tape were 
used. At the time of replay, the output of 
the rate meter circuit, which controls the 
light intensity, was connected to a recti- 
linear recorder. Analysis of the graphical 
record ensured that the entire system was 
stable, and that fluctuations tn light output 
were caused only by normal statistical 
variation. 

Photoscan lines used for the statistical 
analysis were made with three scanning 
speeds, 1.5, 3.0, and 6.0 mm. per second, 
and with each of four time constants, 0.5, 
0.8, 1.8 and 3.6 seconds. The time constants 
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were measured by oscilloscope rise time. A 
sufficient number of lines was obtained in 
order to provide about 50 optical density 
measurements, with a separation of at least 
3 time constants (3RC) between points of 
reading, for each of the 12 sets of parame- 
ters used. For each optical density reading, 
the counting rate was determined from 
data in Figure т. 

Separating the points of reading by three 
time constants was justified as follows. The 
time, 7, required for the charge on the 
capacitance in the rate meter circuit to 
change from an equilibrium value for one 
counting rate to within one standard error 
of the equilibrium value of a new counting 
rate is given Буз 


| RC | 
Jo cc КО Rey: (1) 


^y 


о 


For the counting rate Аут of 450 cpm. or 
7.5 ccunts/sec. and a 3.6 second time con- 
stant, T equals 7.2 sec. ог 2KC. For the 
same counting rate and a о.5 second time 
constant, T equals о.5 second or ТАС, 
Alternatively, the time required for the 
rate meter to change by 95 per cent of the 
difference between the two counting rates is 
given by: 


Ту T) = КС јп (0.05) = ЗАС. (2 


M 


Therefore, measuring optical densities at 
points separated by at least 3 time con- 
stants is reasonable in order to ensure sta- 
tistical independence of each reading, 7.e., 
with no significant overlapping of integrat- 
ing effect. Thus, for a scanning speed of 1.5 
mm. per second and a time constant of 3.6 
seconds, the distance between two consecu- 
tive points should be greater than 33.6 
X1.6- 16.2 mm. For the speed of 1.5 mm./ 
sec. the optical densities were read at inter- 
rals of 18, 9, 5, and § mm. for the time 
constants of 3.6, 1.8, 0.8 and о.5 sec., re- 
spectively. Examples are shown in Figure 2. 
For the speed of 3.0 mm./sec. the intervals 
were 36, 18, 9 and 5 mm., and for 6.0 mm./ 
sec. the intervals were 72, 36, 18, and 9g mm. 

The fractional standard deviation of the 
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Fig. 2. Examples of photoscan lines obtained at a 
scanning speed of 1.5 mm./sec. and used for the 
determination of statistical fluctuations in the 
counting rate, i.e., the value of e(t) in Equation 3 
and plotted in Figure 7. The input to the photo- 
scanner was provided from a magnetic tape which 
had recorded pulses from a constant radioactive 
source at an average counting rate of 450 counts/ 
min. (7.50 counts/sec.). The rate meter time con- 
stant, RC, in seconds is indicated for each pair of 
lines. The optical density was read at intervals 
(> ЗАС) as indicated by the arrows, and each 
optical density reading was converted to counting 
rate by using Figure 1. The exposure produced by 
a flash of the light when it was stationary is shown 
by the rectangle in the upper left corner. The dis- 
tribution of optical density measurements across 
such a spot is shown in Figure 5. 


counting rate experimentally determined 
for each set of scanning parameters was 
calculated as follows: 


zy TEM + (9) + GN. 


Ра 
а N — 1 


(3 


7 


in which у represents the individual reading 
in counting rate as converted from optical 
density in Figure І, and № represents the 
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number of individual readings used for the 
particular set of parameters. Note that the 
fractional standard deviation is the stand- 
ard deviation divided by the average count- 
ing rate, Ly/N. 


STATISTICAL CONSIDERATIONS IN 
PHOTOSCANNING 


THEORETICAL CONSIDERATIONS 


The light spot passing over a point on the 
film averages the output from the rate 
meter over a period of time, depending on 
the speed and effective length of the light 
spot. As described by Schiff and Evans? for 
a continuous observation over an interval 
of time, 1, the fractional standard deviation, 
c(t), in the counting rate is: 


мІ + 2t/RC I 
(1 + RC) VaRCRyr (4) 


in which RC is the time constant of the rate 
meter in seconds, and Кут is the average 
counting rate (counts/sec.). This expres- 
sion contrasts with the fractional standard 
deviation for a single observation which is 
equal to the second part of Equation (4), 
i.e., 1/ /2RC Ryr. In deriving Equation 4, 
the counting rates observed over small 
increments of time during the period, /, 
were weighted equally and averaged; i.e., 
the counting rate observed on a recorder 
would be averaged over a time interval, 7. 
The photoscanner replaces the recorder and 
records the counting rate for a period of 
time, 1, as the light spot traverses a point on 
the film. As seen in Figure 1, the film ex- 
posure produced by the light passing over a 
point on the film gives an optical density, 
OD, which is approximately linearly re- 
lated to counting rate. Ideally, to meet the 
conditions of Equation 4, the accumulation 
of film exposure or optical density as the 
light traverses a point on the film should be 
linearly related with time (Fig. 3). There- 
fore, in order to determine ¢ for the photo- 
scan, the accumulation of light exposure or 
optical density must be studied as a func- 
tion of light movement or time. 


g(t) = 
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LIGHT SPOT MOVEMENT 


Fic. 3. idealized plot of the accumulation of light ex- 
posure at a point on the film (expressed as optical 
density) as a function of the movement of the 
light spot across this point. Movement of the light 
spot can be specified in terms of distance or time 
(time =distance/scanning speed). The effective 
length of the light spot is indicated as the distance 
or time required for the optical density to increase 
from ambient to the maximum value, ODj. 


DETERMINATION OF THE EFFECTIVE LENGTH 
OF THE LIGHT SPOT 

First, it was necessary to determine the 
relationship between optical densitv and 
light exposure. This was accomplished by 
setting the light at a given output and 
scanning at different speeds. Since light 
exposure is proportional to the inverse of 
scanning speed, the optical density, OD,, 
was plotted as a function of 1/speed or 
arbitrary light units (Fig. 4). If the light 
output was set at different values, a family 
of parallel curves (not shown) was ођ- 
tained, in which the curves were shifted on 
the abscissa by a fixed amount. 

Secondly, the distribution of light output 
was determined bv holding the light sta- 
tionary and flashing it once for a short 
period of time; two typical plots are shown 
in Figure 5, in which optical density was 


(€€———————————————————»—»—————————— ' ———————— € ——— APP 


3» 


Fic. 5. Variation in optical density as measured 
across the area of the film exposed by two different 
light spots (curves 1 and 2). For each spot the light 
was stationary and was flashed once. An example 
of such a spot is shown in Figure 2. The effective 
length of the light spot was determined from the 
data in Figure 6; for these data the light spot was 
moved from right to left. 


Statistics in Photoscanning 897 


2.0 


OPTICAL DENSITY OD, 
o 





| to 160 
|/SCANNING SPEED OR ARBITRARY LIGHT UNITS 


Fic. 4. Optical density obtained on the photoscan as 
a function of the inverse of scanning speed, when 
the light output was held constant (14 mamps. 
with a 2 тт, aperture). The points designated A 
and B were actually measured at speeds of 1.54 
and 0.08 mm./sec., respectively. Since the amount 
of light exposing the film is inversely proportional 
to scanning speed, the abscissa also represents 
light units (actual units not measured) exposing 
the film. Other curves (not shown) were deter- 
mined with different light outputs, and they were 
shiftec to the right or left by constant amounts. 


measured at intervals of 0.5 mm. along the 
film spot. The optical densities in Figure < 
were converted to arbitrarv light units (not 


OPTICAL DENSITY 
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shown) by reading OD as a function of light 
outputin Figure 4. 

Thirdly, the accumulation of light out- 
put, as the light passed over a point on the 
film, was determined by summing the light 
units at 0.5 mm. intervals. The accumu- 
lated optical density was then determined 
by using Figure 4 to convert accumulated 
light exposure to optical density. Since the 
light units were arbitrary, the maximum 
optical density which is reached, OD,, can 
be chosen by multiplying all light units in 
Figure 4 by an appropriate factor. Curves 
showing optical density as a function of 
light movement are shown in Figure 6 for 
several different values of OD,. 'These 
curves are relatively independent of which 
optical density distribution in Figure 5 was 
used. 

As mentioned previously, in the ideal 
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case the accumulation of optical density 
should occur in a linear manner (Fig. 3); 
i.e., each unit of distance along the light 
spot should be weighted equally. The ideal- 
ized plots are shown by the dotted lines; the 
method of constructing these straight lines 
is defined in the legend. The effective beam 
lengths of the light spot, 3 mm. for a final 
optical density (ОР,) of 2.0 and 7 mm. for a 
final optical density of 0.7, were determined 
from the straight lines by the intervals of 
distance required for increasing from ambi- 
ent to the final optical density.* The effec- 
tive beam lengths can be compared with 
the apparent length of 9-10 mm. (see Fig. 2 
and 5). The effective time, 7, 1n Equation 4 1s 
equal to: 


ѓ = effective beam length/scanning speed. (5) 


* The effective length was determined from Figure 6 for the 
light source, illustrated in Figure 5, moving from right to left. 
When the effective length was determined for the light source 
moving in the opposite direction, it changed by no more than 
3 per cent. 


<M 


Fic. 6. The accumulation of light exposure at a point 
on the film (expressed as optical density) as a func- 
tion of the movement of the light spot across this 
point. To obtain these curves, light exposure as a 
function of distance across the light spot (ex- 
pressed in arbitrary light units) was first obtained 
by using data in Figures 4 and 5; a summation of 
this curve (not shown) then gave the cumulative 
light exposure at a point as a function of light spot 
movement, The cumulative light exposure was 
then converted to optical density by using the 
data in Figure 4; in making this conversion the 
number of light units was multiplied by a constant 
factor in order to determine the final value of 
optical density, OD;, reached when the light spot 
had traversed the point. Curves A and D were 
obtained from curve 1 in Figure 5, and curves B, 
C, and Е were obtained from curve 2 in Figure 5. 
The idealized curve (discussed in Figure 3) was 
constructed as a dotted line for curve A, for exam- 
ple, by making area A; equal to area А, and area 
А; equal to area Ay. The effective length of the 
light spot, which depends on the final optical 
density, is equal to the distance between the two 
A's on the abscissa (3 mm.) for curve À or between 
the two D's (7 mm.) for curve D. The effective 
lengths can be compared with the apparent length, 
about g-10 mm. (see Fig. 2 and 5). 
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COMPARISON OF THEORETICAL CALCULATIONS 
WITH EXPERIMENTAL RESULTS 


The validity of using Equation 4 to 
describe the fractional standard deviation 
in the counting rate was established experi- 
mentally by taking the information stored 
on magnetic tape, an average counting rate 
of 450 cpm. or 7.5 pps., and playing it back 
at different scanning speeds and rate meter 
time constants. The fractional standard 
deviation was experimentally determined 
from the photoscan lines as described under 
Methods (see Equation 3). The film expo- 
sure was controlled by combinations of 
speed and light aperture sizes, such that the 
average optical density was 0.7. Therefore, 
as seen in Figure 6, the effective beam 
length was estimated as 7 mm. Results in 
Figure 7 indicate that the theoretical Equa- 
tion 4 describes quite well the fractional 
standard deviation observed. (The theoret- 
ical values for RC=o were obtained from 
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Fic. 7. The fractional standard deviation in the 
counting rate obtained on the photoscan as a 
function of the rate meter time constant for differ- 
ent scanning speeds. The points were obtained 
experimentally for an average counting rate of 
7.50 counts/sec. by measuring the optical density 
on the film at со independent points and convert- 
ing to counting rate (see Equations 1, 2, and 5 and 
Fig. тапа 2). The average optical density was 0.7, 
for which the effective beam length was about 7 
mm. (Fig. 6). The curves were calculated from 
Equations 4 and 5 for a counting rate (Аут) of 7.5 
counts/sec. and an effective beam length of 7 mm. 
Note that the integrating effect of the film be- 
comes very important for low scanning speeds and 
short time constants, 7.e., 1.5 mm./sec. and 0.5 sec., 
respectively. 
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the limits of Equation 4 as RC approached 
zero.) Note that as the speed decreases the 
fractional standard deviation differs greatly 
from that showing the integrating effect of 
the rate meter only, z.e., 1/./2RC Кут. This 
difference 1s particularly apparent at the 
shorter time constants, о.5-т.о sec., and 
clearly illustrates the integrating effect 
obtained from accumulation of light by the 
film during the interval of time required for 
the light spot to pass over a point on the 
film. 

It is :mportant to note that the curves in 
Figure 7 are for an average optical density 
of o.7 which has an effective beam length of 
7 mm. As illustrated in Figure 6, the effec- 
tive beam length and, therefore, the effec- 
tive integration time (Equation 5) should 
decrease as the average optical densitv 
increases. Therefore, for a greater optical 
density, the standard deviation should 
increase although the counting rate and 
rate meter time constant are held constant. 
To verify this, the same magnetic tape 
recording was used as before, 450 cpm., and 
scanning lines were obtained with a 0. 
second time constant and a scanning speed 
of 1.5 ram./sec. In one set of lines an aver- 
age OD; of 2.07 was obtained by using a 3 
mm. light aperture, and in another set of 
lines an average OD, of 1.13 was obtained 
by using a smaller 2 mm. light aperture. 
For the OD; of 2.07 the experimental and 
theoretical fractional standard deviation of 
O.22 was greater than the value of o.16 
obtained for an OD, of 1.13 (Table 1). This 
confirms that the effective time in Equa- 
tions 4 and § is dependent on the average 
OD, obtained in the area of the scan to be 
considered. 


PRACTICAL APPLICATIONS 


MEMORY LAG AND RELATIVE INCREASE IN COUNTING 
RATE OVER THE TARGET AS RELATED TO THE 
FRACTIONAL STANDARD DEVIATION IN THE 
COUNTING RATE 


In crder to evaluate the effect of the 
scanning parameters on the probabilitv of 
detecting the target area located within a 
background of radioactivity, scans were 


goo 


TABLE I 


FRACTIONAL STANDARD DEVIATION IN THE COUNTING 
RATE OBTAINED FOR DIFFERENT OPTICAL 
. DENSITIES (RC=0.5 SEC., SCANNING 
SPEED=1,5 MM./SEC., 7.50 PULSES/SEC.) 


Бене Elective Fractional Standard 


Average Beam Time Deviation* 
e Length e, T | 
ensity (mm) Ge heo- Experi- 
| retical mental 
1:13 7 4.67 0.157 0.155 
2.07 3 2.0 0.218 O.219 


* Defined and calculated with Equations 3, 4, and 5. 


made of a 2 cm. target cube placed 7 cm. 
below the face of the collimator and at the 
center of a 12 cm. cube. The two cubes were 
filled with solutions of iodine 131 having 
different concentrations of radioactivity. 
The photoscan settings gave average opti- 
cal densities of 0.5 over the nontarget area 
and o.9 over the target area, which pro- 
vided an effective beam length of about 7 
mm. (Fig. 6). A 19 hole focusing collimator* 
with an 8 cm. focal distance was used in all 
cases in order to provide the same resolu- 
tion (0.90 cm.) for all scans, The following 
values were measured: 


Rr = counting rate over the target; (6) 


Ryr = nontarget counting rate (7) 
(obtained at a point 3 cm. from the edge of 
the large cube); 


AR = Rr — Кит. (8) 


The value z, which is related to the proba- 
bility of detecting a target‘ is equal to: 


п = SE (9) 
e(t) У 


in which e(t) is the fractional standard 
deviation in the counting rate Юрт, calcu- 
lated from the scanning parameters entered 
in Equations 4 and 5. 

A “memory lag" existed between the 
collimator-detector system and the record- 
ing light because of the time required for 
the capacitance in the rate meter circuit to 
charge or discharge as the counting rate 
changed?!? (see Equations 1 and 2). Ап 
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empirical relationship between "memory 
lag" and scanning speed was obtained by 
scanning a square 3 cm. container and 
noting the displacement of the adjacent 
scanning lines. The lag was determined for 
different amounts of radioactivity which 
gave counting rates over the container 
varying from 4 to 40 pulses per second. The 
lag, which was independent of counting 
rate, was empirically equal to: 


Lag (mm.) — 1.29 X scanning speed (mm./sec.) 
X time constant (sec.). (10) 


In time units the lag equals 1.29 RC. The 
displacement of adjacent scanning lines 
caused by “memory lag" was compensated 
for on all scans by automatically changing 
the length of the rod connecting the de- 
tector and the light, each time the scanning 
direction was reversed. 

Photoscans of the 2 cm. target located at 
the center of the 12 cm. cube are shown in 
Figure 8, and photocopies,’ which elimi- 
nated most of the exposure on the film 
produced by radioactivity in the nontarget 
area, are shown in Figure 9. In Studies B 
and C the concentration of radioactivity in 
the small cube was five times greater than 
that in the large cube, and in Study A the 
concentration of radioactivity was-7.7 times 
higher in the small cube. The concentra- 
tions used and counting rates obtained 
(334-902 cpm. over the nontarget area 
with increases of 33-61 per cent over the 
target) are indicated in the legend of Figure 
8. In all studies the background (when the 
cubes were removed) varied between 50 and 
6o counts/min. The cubes were scanned at 
different speeds with various rate meter 
time constants in order to provide different 
values for n and “memory lag," as indi- 
cated in Figures 8 and 9. In Study A, when 
п was equal to 3.8 or 5.2 with a "memory 
Jag" of 2.0 mm., the target was detected 
quite clearly. Reducing the spacing be- 
tween the lines from 8 mm. to 4.5 mm. also 
improved the detection of the target. Fluc- 
tuations over the nontarget area interfered 
slightly with the detection of the target 
when z decreased to 2.4 with a lag of 2 mm. 
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[1с 8. Photoscans of a 2 cm. cube (target) containing I! and placed at the center of a 12 ст. cube containing 
a lower concentration of I?!, Pertinent data are as follows (see Equations 7 and 8): 




















uc; ml. in . uc; ml. in Ratio of Average OD i Tm 
" Кут cpm. AR/Ryr 
2 cm. cube I2 cm. cube concentrations over target 
Study A 0.223 0.029 veu 0.95 749 0.61 
Study B 0.18 0.036 .O O.91 go2 0.35 
Study C 0.067 0.013 Зе 0.69 134 от: 





From Figure 6 the effective length of the light spot was determined to be 7.0 mm. Other scanning condi- 
tions, speed (5) in mm./sec., rate meter time constant (RC) in sec., memory lag (Zg) in mm. (see Equation 
10), and л (see Equations 4, 5, and 9) are specified for each span. Note (see Fig. 9 also) that in order to 
clearly distinguish the increase in counting rate over the target from fluctuations over the nontarget area, 
п should exceed 3, and the memory lag should be less than 4 mm. 


in Study B, and when 7 decreased to 1.9 detection the value of n should approach 
with a lag of 2 mm. in Study C. Therefore, values greater than 3. 

when a small lag of 2 mm. was used and » The effect of “memory lag" was demon- 
was greater than about 2, the target was strated in Study B by comparing the scan 
detected quite clearly. For even better 0ofz-2.4andlag-2.0 mm. with the scan of 
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Ето. 9. Photocopies of the photoscans in Figure 8. The photocopies were made in order to erase as much of ће 
film density over the nontarget area as possible without erasing the density over the target area. 


n=2.6 and lag=3.8 mm., in which the lag 
of 3.8 mm. reduced the quality of target 
detection. However, the effect of lag is 
illustrated more clearly in Study C, in 
which the speed was kept constant at 1.5 
mm./sec. while the time constant was 
increased, thereby increasing the lag. (Note 
from Equation 10 that the memory lag can 
be decreased by decreasing either the scan- 
ning speed or the time constant.) Although 
the value of 7 increased from 1.9 with a lag 
of 2.0 mm. to 2.5 with a lag of 7.5 mm., the 
detection of the target was impaired as the 
lag increased. Thus, if the lag approached 
one-fourth to one-half the width of the 
target, the probability of detecting the 


target was reduced because of insufficient 
time for the capacitance to charge as the 
probe passed over the target. It appears 
that the “memory lag" should be reduced 
to less than 4 mm., i.e., about 2 mm. for the 
20 mm. target. That 1з, the memory lag 
should be about one-tenth the target width 
for good detection (then, ЗАС are required 
to traverse one-fourth of the target). If the 
memory lag is greater than one-tenth the 
target width, the value of » will have to be 
increased іп order to provide adequate 
detection of the target. For example, in 
Study B the target was detected quite well 
with a lag of 4 mm. when the value of n was 
increased to 3.7. 
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SELECTION OF SCANNING PARAMETERS 


Referring to Figures 7, 8 and 9, some 
general conclusions can be reached concern- 
ing parameters to be used in photoscan- 
ning. One of the most difficult problems to 
be considered 1s that of brain tumor detec- 
tion, for which counting rates of less than 
500 counts per minute are often obtained, 
and the ratio of concentration in the tumor 
to that in the normal brain ranges from 5 to 
30.* As shown by the data in Figure 8, the 
counting rate over the tumor may be only 
30-60 per cent higher than that over the 
normal brain. If sufficient time is available 
for the scan, a slow speed of 1.5 mm./sec. 
should be used with a 1 second time con- 
stant. This will reduce the fractional stand- 
ard deviation to 15 per cent or less (for 450 
cpm. as shown in Figure 7) and will reduce 
the memory lag to about 2 mm. (Equation 
10), which is sufficient for a 2 cm. tumor. 
Under these conditions, shown in the cube 
studies in Figures 8 and 9, a 2 cm. tumor 
located at the center of the brain and hav- 
ing a concentration of radioactivity 5 times 
greater than the normal brain would have 
an # value greater than 2; this means that 
the tumor should be detected. At this speed 
of 1.5 mm./sec., increasing the time con- 
stant from 1 to 2 sec., for example, would 
decrease the fractional standard deviation 
only shghtly from 15 to 13 per cent (Fig. 7), 
but would not improve the detection of the 
tumor because the memory-lag would in- 
crease from 2 to 4 mm. It is also clear that 
if the scanning speed were increased to 
values greater than 1.5 mm./sec., the time 
constant would have to be reduced because 
of the "memory lag" effect. At 3 mm./sec., 
a time constant of 0.5 sec., or possibly o.8 
sec., would be acceptable. Although in- 
creasing the time constant from о. to 2 
seconds would decrease the fractional 
standard deviation from about 20 to 15 per 
cent, the increase in “memory lag" from 2 
mm. to 8 mm. would not be acceptable. At 
6 mm./sec. a time constant of about 0.25 
second should provide the best results with 
à compromise between the fractional stand- 
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ard deviation (29 per cent) and the mem. 
ory lag" (2 mm.). 

In summary, it appears that for good 
target detection, м should be equal to or 
greater than 3, and a “memory lag" effect 
of по more than 2 mm. should be used, 7.2., 
a "memory lag" effect of about one-tenth 
the tarzet width. 


SUMMARY 


In photoscanning the effects of scanning 
speed, counting rate, light-spot size, and 
rate meter time constant on the qualitv of 
target detection were studied both theoreti- 
cally and experimentally. Equations were 
developed in order to determine the best 
set of parameters for detecting radioactive 
targets located in a radioactive environ. 
ment. In order to adequately detect the 
target, the change 1n counting rate which 
occurs as the detector passes over the target 
should be 2 to 3 times larger than the 
standard deviation of the counting rate 
obtained adjacent to the target. 


W, C. Dewey 

Department of Physics 

The University of Texas 

М. D. Anderson Hospital and Tumor Institute 
Houston, Texas 
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RADIUM ALIGNMENT APPLICATOR 


By WALTER P. SCOTT 


JACKSONVILLE, FLORIDA 


FTER many vears of experience and 
experimentation with the various 
types? of so-called loose and rigid applicator 
systems used in the treatment of carcinoma 
of the uterine cervix, it is felt that the basic 
Paris system of tandem and colpostats 15 
most reliable, having proven itself over the 
decades with good clinical results and mini- 
mal complications. The practical advan- 
tages are numerous: relatively inexpensive, 
disposable, adaptable to most all pelvic 
situations (9 sizes), flexible, light, com- 
fortable to the patient, requiring minimal 
packing (an indwelling catheter is often not 
necessary), easily loaded, easilv applied, 
and easilv 
all these can be outweighed by the compli- 
cation of malposition. Quite often, there is 
significant deviation of the tandem, dis- 
placement and/or rotation of the colpo- 
stats, or all three factors; consequentlv, the 
axis of the radium elements within the col- 
postats is not perpendicular to the axis of 
the tandem. The theoretic and practical 
aspects of malposition are well illustrated 
by Louis, Raventos, and Hale? in a paper 
on space-dose relationship which showed 
that rigid applicators were associated with 


a more posterior and inferior location of 


points A and B than unrigid containers. 
Also, these points were more inferior and 
posterior in older patients, patients with 
advanced disease, and patients whose 
vaginal size required the use of smaller ap- 
plicators. Sherman‘ has documented а se- 
ries of radiation failures principally resulting 
from malposition of applicators and the 
M. D. Anderson group! has presented these 
problems with consideration of means 
towards their correction. 

The stainless steel applicator to be de- 
scribed retains all advantages of the reliable 


Paris system, eliminates the possibility of 


malposition, permits postoperative correc- 
tion without re-application, and allows a 


removed. However, the sum of 


safe distance during the actual application. 
Furthermore, it remains inexpensive, me- 
chanicaily simple, light in weight, and 
easily maintained. Being fixed, vet flexible, 
it combines the advantages of both the 
rigid and the loose systems and allows 
actual fitting of the patient with the appro- 
priate applicators prior to loading-—thus 
rendering a modified after-loading tech- 
nique. 


RADIUM SYSTEM (Fig. 1 and 2) 


The radium svstem* consists of the stain- 
less steel alignment и (1—5) апа 
attachments (A-C). The basic parts of the 
alignment applicator are: 

1. Handle. One end bored and equipped 

with a set-screw for the shaft and a 
keyway for the large nut. 


2. Threaded shaft with bevelled point. 
3. Large nut with kev. 

4. small nut. 

с. landem base-adapter. Four small 


holes allow it to be grasped and con- 

trolled with a tenaculum. The adap- 

ter segment fits both metal and plastic 
tandems. A longer adapter segment 
would allow the attachment of a cen- 
tral colpostat. The attachments are as 
follows: 

a. Colpostats, Cross bar perforated 
with a finch hole. 

b. Plastic tandem (31XX inch). This 
may be cut down to ie icd scis- 
sors. 

c. Metal tandems (4Х 5 inch, 3X1 
inch, and 2 Х 3 inch). 

The shaft passes Geely through a small + 
inch hole in the colpostat's flexible CROSS Dar 
which is then secured to the shaft by the 
nuts on either side. By maintaining the 
correct tension with these nuts, the cross- 

* Stainless steel tandems and alignment applicator: Radium 
Chemical Co, New York. Plastic tandem: Meca-Vigor, 88 Rue 


de la Folie Mericourt, Paris, Colpostats: Laboratoires Bruneau, 
17 Rue de Eerri, Paris. 
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| Handle with hollow shaft, keyway, and set-screw ; 
Opposite end threaded to accept both types tandems 


2. Threaded shaft 
3 Large nut with key 
4. Small nut 
5. Tandem base-adapter with holes for tenaculum 
A. Colpostats B. Plastic Tandem C. Metal Tandem 






= i'll 





--— — | 


Fic. 1. Radium alignment applicator, 


bar can be made to move up and down the the crossbar is covered with rubber, the 
shaft (by screwing the latter counter- shaft revolves without loosening the nuts. 
clockwise and clockwise, respectively) in The handle is attached to the external end 
order to properly position the colpostats of the shaft by tightening a set-screw with 
within the vaginal vault and fornices. Since an Allen wrench. When the set-screw 1s 


TM | 
A pee— 


4| 












NO 28 mm x l6 mm 


METAL TANDEMS 


A No. 37 39 mm x 2! mm B 


Fic. 2. Selection of attachments. (4) Four commonly used disposable colpostats. (B) A disposable plastic 
tandem at the top, and 3 metal tandems below. 
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Fic. 3 


3. Alignment applicator system—loose and fixed. (Note: attachments vary 


in size for purposes of demons-ration.) 


loosened, the handle is free to pass down the 
shaft and engage the kev of the large nut. 


ONE METHOD OF APPLICATION (Fig. 3) 


1. Establish the correct tandem length 
and colpostat size. 

. With the large and small nuts, secure 
the crossbar of the colpostats to the 
tip of the shaft. Attach handle to 
other end of shaft. 

. Load tandem, screw on tandem base- 
adapter, and insert into cervico- 
uterine canal with aid of a tenaculum. 

4. Load colpostats and insert into va- 
ginal fornices. 

. Screw shaft forward so that the bev- 
elled point will engage the tandem 
base-adapter. 

6. Screw point of shaft into tandem 
base-adapter, pack away rectum and 
bladder, and detach handle. 

The colpostats are removed by unscrew- 
ing the shaft (with handle attached) from 
the tandem base-adapter and extracting 
first, the shaft with its fixed colpostats and 
then, the tandem. Used colpostats and 
tandems of this alignment system mav be 
cleaned, sterilized, and serve for subsequent 


to 


C 


Ur 


fittings to establish the correct size. 

The following cases illustrate some fea- 
tures of the alignment applicator. Unfor- 
tunatelv the qualitv of the lateral roent- 
genograms 1s limited by the supine tech- 
nique with the mobile unit in obese pa- 
tients. 


ILLUSTRATIVE CASES 


Case 1 (Fig. 4, 4 and B). A со year old 
Negro female with Stage 1 squamous cell car- 
cinoma of the cervix. The lateral roentgenogram 
(Vig. 44, shows anterior displacement of the 
tandem and posterior rotation of the colpostats 
resulting in parallel arrangement of the radium 
elements. Consequently, maximum rectal and 
minimal cervical doses would be expected. 
Figure 48 shows correction with the alignment 
applicato-. 


Case и (Fig. 5, 4 and B). A 49 year old 
white female with Stage 1 squamous cell car- 
cinoma of the cervix. In the lateral roentgeno- 
gram (Fig. 54) posterior deviation of the tan- 
dem and anterior displacement of its base ir 
relation to the colpostats are demonstrated. 
Figure 5 Ё shows correction with the alignment 
applicator. 


Case Ш (Fig. 6, 4-D). A 53 year old Negro 
female with Stage 11 squamous cell carcinoma 
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Fic. 4. Case т. (4) Initial application showing malposition. (В) Correction with alignment applicator. 





Fic. 5. Case п. (4) Initial application showing malposition. (8) Correction with alignment applicator. 
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Fic. 6. Case uf. (4 and В) Initial application showing malposition. 
(C and D) Correction with alignment applicator. 


of the cervix. Roentgenograms of the pelvis 
(Fig. 6, 4 and B) show right lateral deviation 
of the tandem, displacement posterior and to 
the right of its base, and clockwise rotation of 
the colpostats. Figure 6, C and D reveals cor- 
rection with the alignment applicator. 


Comment. In Cases 1, 11, and 1 the 
original model of the applicator fashioned 
of brass was used. It is interesting to note 
(Case 1) that when the cervix is relativelv 
long and the fornices deep, the colpostats 
rotate posteriorlv. [n the following 2 cases 


the newer model made of stainless steel was 
emploved. 


Case iv (Fig. 7, 4-H). A 30 year old white 
female with Stage 1 squamous cell carcinoma of 
the cervix, who received her initial application 
with a double crossarm tandem applicator. The 
roentgenograms (Fig. 7, Æ and B) 
antero-lateral deviation and slight clockwise 
rotation 


show ed 


of the system. The roentgenograms of 
the second application (Fig. 7, C and D) showed 
posterior rotation of the colpostats which was 
subsequently corrected with the alignment ap- 
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plicator, using an empty tandem (Fig. 7, # and 
Е). Although the position was greatly im- 
proved, the slight posterior displacement of the 
system was further corrected (Fig. 7, Сапа H) 
without re-application by merely manipulating 
the shaft. The large nut can be so well tightened 
down on the crossbar that the system 15 ren- 
dered virtually rigid. 


Comment. These corrective procedures 
were done without anesthesia, excessive 
packing, and insertion of an indwelling 
catheter. Although the system described 
makes use of the Paris type colpostat, it 1s 
quite feasible for the alignment applicator 
to accommodate any type of joined colpo- 
stats, particularly the modified Manchester 
ovoids. 


Walter P. Scott 
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7. Case 1v. (4 and 8) Initial application showing malposition of double crossarm applicator. (C and D) 
Application of colpostats showing malposition. 


Fig. 8, 4-Е). А 57 year old white 


CASE У ( 
female with Stage 11 B squamous cell carcinoma 
of the cervix. Roentgenograms of the pelvis 
illustrate antero-(right) lateral deviation of the 
tandem and rotation of the colpostats (Fig. 8, 
A and B). In addition, the colpostats are not 
fully expanded and the entire rigid system lies 
low in the vaginal vault out of contact with 
the cervix. Figure 8, C and D shows correction 
with the alignment applicator system and 
Figure 8E shows even further improvement 
with time due to the expanding nature of the 
spring crossbar. 


/ 


SUMMARY 


A mechanically simple and inexpensive 
applicator 1s described which retains the 
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Fic. 7. (E and F) Correction with alignment applicator. (С and H) Further improvement in position with 
alignment applicator without r2-application. 





Fic. 8. Case v. (4 and B) Initial application showing malposition of rigid applicator, 





Fic. 8. (C and D) Correction 
with alignment applicator. 


(E) Further separation of 
the colpostats with time. 


Vou. 94, No. 4 Radium Alignment Applicator 913 


innumerable good points of the loose 
tandem-colpostat system; it converts it 
into a rigid yet flexible svstem by first fit- 
ting the patient with the appropriate tan- 
dem and colpostats, and then aligning them 
at right angles to one another. Particularly 
in dificult plevic anatomic situations the 
loose system has advantages over the rigid 
system, and therefore, this simple method, 
ensuring proper alignment, will result in 
the optimal application for the situation. 


Duval Medical Center 
2000 Jefferson Street 
Jacksonville 8, Florida 
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FLEXIBLE SCINTILLATION RADIATION 
MEASUREMENT PROBE* 


By CARL К. BOGARDUS, Jr., M.D.,¢ and MICHEL TER-POGOSSIAN, Pu.D. 


ST. LOUIS, MISSOURI 


HE direct measurement of radiation 

dosage from radioactive implants is a 
valuable aid in treatment planning. In 
cases of interstitial or intracavitary im- 
plants, it 15 of importance to be able to 
check the radiation dosage at key points 
during the implant in order to optimize the 
treatment plan. Most of the scintillation 
type instruments available at this time em- 
body a rigid probe.? The probe we have 
developed surmounts this problem. 


DESIGN OF THE FLEXIBLE PROBE 


The cylindrical probe tip is 6 mm. in 
diameter and is continuous with a 76 cm. 
flexible glass fiber light guide (American 
Optical Co.). The photomultiplier tube is 
mounted on the cable as shown in Figure 1. 
This is sufficiently far from the radiation 
area to reduce direct radiation photo- 
cathode stimulation to a negligible value, 
thus eliminating the need for heavy shield- 
ing or background correction. The photo- 
tube is mounted in plastic inside a cylindri- 
cal aluminum case: 2.5 cm. in diameter and 
23 cm. long. The probe 15 waterproof and so 
may be cold sterilized. 

The scintillator used in the probe is a 
hand cut and polished cylindrical thallium 
activated cesium iodide crystal 4 mm. X4 
mm. The crystal is mounted with a piece of 
polystyrene foam in the hard rubber tip of 
the probe. The foam serves both to protect 
the crystal and to keep it forced against the 
tip of the lightpipe. A good optical coupling 
is assured by the use of silicone optical fluid. 
CsI (TI) was selected for its high fluores- 
cence efficiency. Anthracene was first con- 
sidered as the crystal to use due to its estab- 
lished tissue equivalence for higher energy 
photons.” However, numerous measure- 





Fic. 1. Photograph of the flexible probe, demonstrat- 
ing the relative size of components and flexibility 
of the light guide. 


ments were carried out which demonstrated 
no significant difference between anthra- 
cene and thallium activated cesium iodide 
for this system with clinical applications of 
cobalt 60 (Fig. 2). All the measurements 
were carried out in water using a 7.2 mc 
source of cobalt 60 (15 mm. active length 
with a .6 mm. steel filtration) which was 
calibrated against a 10 mg. radium source. 
Up to § cm. distance from the source, there 
was no significant difference in readings. At 
10 cm. there was 2.0 per cent difference. 
With other systems such as radium with its 
wide energy spectrum, Ir! or Cs? with 
lower energy gamma rays, there might 
have been a significant difference between 
the two crystals. If an isotope with lower 
energy radiation than cobalt 60 is used, we 
feel that anthracene would be the crystal of 
choice. 

The lightpipe is a noncoherent glass fiber 
guide made of fibers .003 inch in diameter.’ 
Each fiber has a core of 1.62 index glass 
and has been clad with a 1.52 index glass to 


* From the Edward Mallinckrodt Institute of Radiology, Washinzton University School of Medicine, St. Louis, Missouri. 
T Present address: Division of Radiation Therapy, University of Oklahoma, Oklahoma City, Oklahoma. 


914 


VoL. 94, NO. 4 


4 о 
о о 






aba 
о 9,0 


— Cesium lodide (Thallium Activated) 
--- Anthrocene 


~ 
о 


RADIATION INTENSITY (Arbitrary Units) 


| г 3 4 5 6 7 8 9 је H 
DISTANCE FROM SOURCE (cm) 


Fic. 2. Graph comparing cesium iodide (TI) 
and anthracene. 


serve as optical insulation and thus protect 
the reflective surface of the core. This com- 
bination of indices provides a numerical 
aperture of .55. The published light half 
value length is 213 cm.? This theoretically 
gives a transmission efficiency of 78 per cent 
in the 76 cm. length we are using. The glass 
light guide has a very low fluorescence fac- 
tor as compared to quartz or lucite. We 
measured the cobalt 60 gamma photon 
stimulated light emission from various 
lightpipes without crvstals, and found that 
lucite gave 8 times the amount of light, and 
quartz gave 16 times as much light as the 
hber optic light guide under the same con- 
ditions. 

The low fluorescence of the light guide is 
very important when attempting to meas- 
ure dosages on the posterior aspects of im- 
plants. In many of these cases, the light 
guide may be in a much higher field of 
radiation than the crvstal. This could cause 
an appreciable error if the light guide itself 
was highly fluorescent. 

We have found this light guide to be 
flexible and not affected by average usage 
and handling. It is easily cold sterilized by 
immersion and its plastic sheath is not af- 
fected by standard instrument sterilization 
fluids. 

The photomultiplier used is a 152 AVP 
manufactured by Amperex. It is an end- 
window tube with an over-all gain of X 106 
at 1,800 v. The dark current is less than .1 
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Fic. 3. Disassembled view of photo tube unit and 


crystal tip. 


pa. at an anode sensitivity of 30 a./1 m.! A 
voltage divider network of ten 1 watt resis- 
tors and two capacitors is built in a com- 
pact form at the base of the tube (Fig. 3). 
We built a number of different networks. 
The most satisfactory resistance range is 
one in which the bridge current is from E 
ma. up to .7 ma. The voltage between the 
photocathode and dynode І must be at 
least 180 volts and the operational voltage 
between dynodes at about 120 volts (Fig. 
4). 

With a 7.2 mc cobalt 60 source at 3 cm. 
for calibration; conduction begins at about 
1,000 v., calibration is reached at approxi- 
mately 1,400 v., and a reading of 10 times 
calibration is reached at 1,800 v. 

Two cables leave the unit; one is a nega- 
tive high voltage input, the other is the 
signal output connected to a microamme- 
ter. The output impedance is of the order of 
10 megohms. A two stage vacuum tube 
voltmeter readout is used. The scale may be 


Cathede Acc. 


Anode 





Amplifier 
Input 


Fic. 4. Schematic diagram of photomultiplier and 
its network. 


916 | 


read in arbitrary units or calibrated directly 
in roentgens by the use of a standard ra- 
dium source. 


CLINICAL USE 


In clinical use the described probe has, 
by virtue of its light weight and flexibility, 
proven itself superior to others we have 
previously used. In the oral cavity, it 1s 
easy to reach the base of the tongue and 
other areas which had previously been 
difficult to monitor. The length and flexi- 
bility make it easy to insert into the esopha- 
gus, larynx, nasopharynx, and other areas 
of difficult access during external radiation 
therapy. In this way, we are able to moni- 
tor the dosage in these areas and compare 
these readings to calculated doses. 

In carcinoma of the cervix, we are able to 


Carl R. Bogardus, Jr. and Michel Ter-Pogossian 
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reach behind applicators and into other 
areas around implants which would be 
difficult to reach otherwise. It is easy to 
reach all areas of the bladder, and we have 
found it easy to reach high into the sigmoid 
and monitor areas previously inaccessible. 


Carl R. Bogardus, Jr. 

Division of Radiation Therapy 

The University of Oklahoma Medical Center 
800 Northeast 13th Street 

Oklahoma City, Oklahoma 73104 
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CAN CANCER REALLY BE CURED WITH 
RADIATION THERAPY?* 


By CHARLES L. MARTIN, M.D., JAMES A. MARTIN, M.D., 
and ROBERT A. WILSON, M.D. 


DALLAS, TEXAS 


Г. WOULD seem а recurring paradox in 
many areas that, as experience accumu- 
lates, some truths become progressively 
more difficult to define. As a fundamental 
motive in clinical radiotherapy the word 
“cure” has long had basic significance and 
would appear to be a straightforward abso- 
lute, meaning simply to heal and restore 
health. In relation to cancer therapy it has 
been necessary to modify the word in terms 
of time, or resort rather euphemistically to 
such terms, as "permanent control’ or 
"tumor sterilization.” Some would prefer to 
bypass the semantic trial altogether and 
resort to the noncommittal word “‘sur- 
vival” which is comfortable usage but 
easily misleading. Without considerable 
explanation for example, a “3 year sur- 
vival” would apply equally to the incur- 
able, barely alive, and the curable, alive 
and vigorous. 

Excluding those neoplasms which are at 
present incurable and those which have a 
high rate of late recurrence, there remains a 
significant group which can be eradicated 
with reasonable predictability. Primary 
cancer of the uterine cervix, mouth, phar- 
ynx, larynx and skin is potentially radio- 
curable and the § year evaluation has been 
considered an accurate end-point. In recent 
years, however, some disturbing results 
from prolonged follow-up studies repeat- 
edly reveal small proportions of “late recur- 
rences" in patients previously thought 
well, as time-defined. Quite obviously, a 
fatal recurrence of the original neoplasm 
even after 20 years signals a treatment 
failure, absolute and irrevocable. One's 
faith in the term “5 year cure" thus be- 
comes incompletely deserved, and the point 


becomes one of practicality. Should we cling 
to the designation as a useful although 
slightly inaccurate device, or should we 
discard it altogether since it is no longer 
more than almost right? 

Soon after the turn of the century, the 
foundation for the radiotherapy section of 
our clinic was laid by James M. Martin 
when he became convinced that skin can- 
cer could, in truth, be cured by fractionated 
low voltage roentgen-ray therapy. His 
earliest work was begun with gas tubes 
energized by static machines and rather 
empirical dosages were related to minimum 
skin erythema standards rather than physi- 
cal units. Built on this foundation, his 
report of 15 years’ experience in treating 
skin cancer presented before this society in 
1923! was certainly artistry as well as 
science. The senior author of this paper 
entered practice with James M. Martin in 
1920 and soon shared the conviction that, 
contrary to some prevailing opinions, cu- 
taneous cancer could indeed be cured by 
radiotherapy. A fundamental optimism 
thus ingrained years ago is intrinsically 
difficult to discard. Perhaps our attitude 
also reflects subjective identification with 
lay cynicism for cautious medical pessi- 
mism. 

“They answered, as they took their Fees,? 

There is no cure for this disease." 


It has been our conviction over the years 
that each patient, in order to qualify as 
cured, must have a properly authenticated 
lesion and must remain observed alive and 
with no evidence of residual, recurrent or 
metastatic disease throughout the desig- 
nated time period. Should a patient develop 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 
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and succumb to a new and different neo- 
plasm before the end of that time, the 
initial treatment effort can only be labeled 
a failure. Should that tragedy occur after 
the primary criteria in time are fulfilled 
(often it would seem at intervals approxi- 
mating multiples of 7 years), the initial 
lesion was likely cured. Combined with the 
fact of late recurrences, it is evident that 
these requirements preclude an unbounded 
faith in evaluation methods based onnumer- 
ical predictions beyond short-term observa- 
tions. 


MATERIAL 


In an attempt to explore the validity of 
these precepts we have analyzed personal 
experience with 481 consecutive cases of 
cancer of the cervix admitted to our clinic 
between 15 and 26 years ago. Since this 
lesion tends to remain localized in the pelvis 
for relatively long periods of time and can 
usually be eradicated by adequate radio- 
therapy when not too advanced, it was 
chosen for this study. Seven cases were 
deleted since they were histologically 
classed as noninvasive lesions, and an 
eighth was dropped since it proved to be 
primary adenocarcinoma of the endome- 
trium. In the present context no valid 
conclusions may be drawn from those pa- 
tients inadequately treated and 18 in that 
category were eliminated from study. Most 
of these received heavy radiation therapy 
elsewhere thus precluding further treat- 
ment of any magnitude as potentially 
disastrous. Two, however, died abruptly 
before treatment could be given, one from 
severe hemorrhage and the other as an 
anesthetic accident. 

Of the 455 cases left by exclusion, no 
attempts to subdivide by clinical staging 
were made. Two or more examiners may 
well disagree as to classification, especially 
in the late Stage 11 and many of the Stage 
пі and Stage ту cases. If Stage 1v patients 
were limited to those with positive biopsy re- 
ports on tissue removed from the rectum or 
bladder as recommended by the Memorial 
Hospital group in New York, we doubt that 
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any of them would actually have been 
cured. Àn attempt was made to stage the 
cases treated in 1948 and 1949 in a previous 
article! using the League of Nations 
method, and the distribution of material in 
other years has been similar. For the pur- 
poses intended in this study accurate clini- 
cal staging is not considered a necessity. 

In all cases the primary treatment ap- 
proach was with radium therapy, using 
multiple capsules augmented by small doses 
of roentgen rays for the early lesions and 
low-intensity needle implants for large 
primary lesions and extensions into the 
vaginal walls and parametria. These tech- 
niques were not altered during the period of 
study and uniformity was enhanced by the 
fact that all treatments were administered 
and all follow-up examinations of the pa- 
tients that could return were conducted by 
the senior author. External orthovoltage 
roentgen-ray therapy was used as a second- 
ary procedure for the advanced cases and 
recurrences. This method is advantageous 
because the treatment time for most cases 
does not exceed 7 or 8 days (an economic 
boon to our patients, many of whom are 
less than wealthy) and a low incidence of 
treatment sickness and radiation sequelae 
is obtained. These methods have been 
described elsewhere in considerable de- 
tajl. 12 18.14.17 

None of the patients treated 15 or more 
years ago received our relatively more 
recent combined method of low-intensity 
radium needle implantation in the parame- 
tria augmented by moderate amounts of 
orthovoltage roentgen-ray therapy, pat- 
terned after our successful method used in 
the treatment of metastatic cervical lymph 
nodes. ^ This procedure has reopened a 
small series of ureters significantly ob- 
structed by parametrial invasion and may 
enhance our 5 year salvage in the future. 


ANALYSIS 


As a matter of order, the word "survival" 
may be used in analysis until conclusions 
regarding cure and its meaning are ob- 
tained. The 5 year survivals are tabulated 
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for each year (Table 1) except for the 1948 
and 1949 cases which are grouped together, 
as in a previously published report in which 
the 5 year salvage of 55.1 per cent was the 
best obtained in the present studv. The 
over-all 5 year survival rate for the entire 
group treated in 1938 through 1949 was 221 
out of 455, or 48.5 per cent. 

Decker and Van Herik? of the Mavo 
Clinic report a 5 year survival of 49.0 per 
cent using all forms of treatment and note 
an average figure of 48.5 per cent combin- 
ing reports from Stockholm, Manchester, 
St. Louis and Copenhagen. Makowski and 
his group? at the University of Minnesota 
use large doses of roentgen ravs and ra- 
dium, thereby accepting an increased lia- 
bility to both early and late sequelae, but 
claim a 5 year survival rate of <8.8 per cent. 
It should be noted that these authors have 
felt it necessary to include noninvasive 
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lesions within their Stage 1 category and 
this likely enhances the salvage figure. 
Fletcher, Rutledge and Chau? claim a verv 
high 5 year survival rate of 63 per cent, 
attributed largely to the addition of super- 
voltage therapy to their radium techniques. 
This figure, however, is reached through a 
life-table method of biometric projection 
and cannot be compared, using the data 
given, with the direct percentage methods 
given here. Using comparable methods of 
analysis, it 1s evident that the salvage 
presented in our series is similar to that 
obtained in many other clinics. 

Of major concern, of course, is the fate of 
78 patients known dead or untraced after 
passing the § year end-point in apparent 
good health. This information is tabulated 
in Table п with a separate tabulation in 
Table ти of those 18 patients who devel- 
oped “late recurrences,” and succumbed to 
their disease. It is of interest to note that 
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ТАВЉЕ III 


OUTCOME OF EIGHTEEN § YEAR SURVIVORS 
WHO DIED OF CANCER OF CERVIX 





half of this group of 18 died between the 
fifth and seventh year, and almost all of 
them, or 17 out of 18, expired before the 
fourteenth year. If this sampling were 
of sufficient size one might be justified in 
saying that any patient treated with this 
technique who remains alive and well 13 
years, may be classed as cured with no more 
error than a fraction of 1.0 per cent. How- 
ever, combining this experience with that of 
others! it is difficult to know at what point 
in time before 15 years one should place a 
critical end point. 

Itisapparently common experience in all 
long-term follow-up studies to detect at 
least one instance of an extraordinarily late 
recurrence. In this study, one patient died 
of recurrent disease 21 years after treat- 
ment although she was examined at 1:2 
years and seemed perfectly well at that 
time. Graham, Sotto and Paloucek? report 
the death of a patient with an adenocarci- 
noma of the cervix 26 years after presumed 
successful radiotherapy of primary squa- 
mous cell carcinoma (or in retrospect, a 
· possible adenoacanthoma). Their suggested 
explanation on the basis of prolonged weak 
irradiation produced by a deteriorating 
radon seed is conjectural at best. Of several 
similar reports it would appear that the 
record is held by Latour and Fraser® with a 
recurrence appearing at 34 years, followed 
in close second position by Howkins and 
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Andrew’ with one at 30 years. It is also of 
interest that some material would indicate 
a pattern of late recurrence in surgically 
treated cases similar to that obtained after 
primary irradiation.’ 

Other causes of death as listed in Table 
п involve 48 patients labeled as dead of 
intercurrent disease. Table ту includes 10 
who died of other types of cancer. As ad- 
ditional evidence that these were new 
rather than metastatic lesions is the fact 
that only 3 patients succumbed prior to the 
13 year end point beyond which death from 
recurrence of cervical cancer virtually 
ceased. Of the remaining 38, 29 died of 
cardiovascular disease, 2 of gallbladder 
disease, 2 of unknown causes and 1 each of 
hip fracture, postoperative hemorrhage, 
pneumonia, cirrhosis of the liver and sui- 
cide. 

The 143 patients known to be well and free 
of any evidence of cancer of the cervix at 14 
to 26 years after treatment are listed in 
Table v. As an exercise, this table also in- 
cludes a reverence for “13 years" and dem- 
onstrates how the cure rate at 15 to 26 years 
can be elevated from 31.4 per cent to 37.5 
per cent 1f one considers those lost or dead 
of intercurrent disease after 13 years as 
"probably cured." 


COMPLICATIONS 


Current medical literature directs con- 
siderable emphasis toward treatment 


TABLE IV 


DEATH FROM OTHER TYPES OF CANCER AT MORE 
THAN $ YEARS AFTER SUCCESSFUL TREATMENT 
OF CANCER OF CERVIX 


Survival after Cervix 


Point of Origin Treatment (yr.) 
2—Colon 16-14 
1—Fundus 15 
1—-Breast ae 
1— Kidney ке 
1—Hand 18 
1—Liver 7 

· I—Stomach 9 
1—Face P 
1—Cecum 13 
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methods and biomathematics, but the 
frequency and magnitude of complications 
are at times difficult to extract. Some years 
ago among men of wisdom there were those 
who perceived radiation damage with grave 
misgiving and wondered if the risks of 
treatnent might be more offensive than 
the disease.* It is apparent that the tissue- 
sparing effect of new techniques has proved 
relative and tissue tragedy has not been 


banished. Indeed, there are some reports 
giving tke impression that some increase in 
the complication rate coincidental with an 
increase 1n voltage capability assumes a 
place as acceptable in the name of pure 
physics. It is the authors' conviction that 
sequelae can be reduced toward zero, and 
that the conversion of a potentially curable 
patient into a radionecrotic terminal event 
is both tragic and reprehensible. 
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In the series presented here, the incidence 
of significant radiation complication is low. 
Three cases of hemorrhagic proctitis and 2 
of radiation cystitis regressed with local 
treatment only and are considered, in retro- 
spect, to be the result of technical faults 
subsequently corrected. One case of ure- 
terovaginal fistula was apparently the 
result of a direct althoughf inadvertent 
ureteral puncture with a radium needle 
inserted per vaginam. A surgical report 
from another town reveals that one patient 
(a 24 year survivor) required a bypass 
procedure to correct small bowel fibrosis 
occurring 18 years after radiotherapy. 
Another case of ulcerative cecal disease 
with symptoms antedating most of the 
treatment is of obscure etiology, even to the 
microscopist. Irradiation produced no cases 
of rectosigmoid obstruction, none of acute 
small bowel necrosis and obstruction, no 
episodes of severe vault necrosis, no de- 
tected cases of ureteral stricture and was 
not responsible for the death of any pa- 
tient. All of 11 rectovaginal and vesico- 
vaginal fistulae occurred directly through 
necrotic tumor and, although complications 
of the disease, are not considered errors of 
irradiation. One case of peritonitis and one 
of thermal burn from the "indifferent" 
electrode of the electrocautery unit are 
certainly complications of treatment but 
not of irradiation. Thus a total of 8 signifi- 
cant radiation sequelae constitutes a rate of 
1.8 per cent and is considered reducible. 


CONCLUSIONS 


The title question regarding radiocur- 
ability of cancer need not actually be de- 
bated except as a rhetorical stimulant. 
Multiple reports in the scientific literature 
proclaim that curability in certain lesions 
adequately treated is an accomplished fact. 
The observation that approximately 91 per 
cent of our cervical carcinoma cases alive 
and well at 5 years were cured, is additional 
testimony for the affirmative. The applica- 
tion of this fact to the status of any individ- 
ual patient on the other hand becomes a 
practical question. Omnipresence of the 
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rare late, late, late recurrence of cervical 
cancer would seem in the strictest sense to 
condemn each seemingly well patient to a 
prolonged sentence as survivor rather than 
victor. Such an attitude toward the curable 
lesions is certainly one of misplaced empha- 
sis. It would seem wiser to relocate empha- 
sis in other ways. It 1s evident for instance 
that in cervical carcinoma, cure at 5 years 15 
a reasonable accuracy, but equally evident 
that adequate observation should exceed 
that limit to at least 10 and perhaps 15 
years. Each additional uneventful year in 
the patient’s life enhances the truth value 
of the word “cure.” In a second instance, it 
is evident from the case study presented 
here that significant radiation sequelae can 
be minimized and largely eliminated while 
preserving a cure rate comparable to that in 
other centers. Perhaps a large portion of 
cautious pessimism should be re-directed 
toward an attitude which considers signifi- 
cant radiation damage, even at a minimum, 
as inescapable. 


Charles L. Martin, M.D. 

The Martin X-Ray & Radium Clinic 
3501 Gaston Avenue 

Dallas, Texas 75246 
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THE IMPORTANCE OF TOMOGRAPHY FOR THE 
INTERPRETATION OF THE LYMPHOGRAPHIC 
PICTURE OF LYMPH NODE METASTASES* 


By Dr. T. ре ROO, Dr. P. THOMAS, and R. W. KROPHOLLER 


LEYDEN, NETHERLANDS 


URING recent years lymphography 

(lymphangio-adenography) has been 
employed with increasing frequency in the 
evaluation of the extent of malignant pro- 
cesses. Although marked loss of weight, 
fatigue, and severe anemia may raise the 
suspicion of metastases, these lesions are 
often difficult to demonstrate conclusively. 
At present, contrast media containing oil 
are used to achieve roentgenographic visu- 
alization of the lymphatic system because, 
unlike water soluble solutions, these sub- 
stances remain in the lymph nodes for a 
period of months, thus greatly increasing 
the roentgenologic possibilities. Normally, 
the contrast material is distributed equally 
over the entire lymph node; demonstration 
of lacunae in the opaque medium cast 
shadow indicates the absence of normal 
lymph node tissue. Lymphadenograms, 7.2., 
roentgenograms made after 24 and 48 
hours, enable the best evaluation of the 
lymph nodes. Special attention must be 
given to the dimension and internal struc- 
ture of the lymph nodes and to the appear- 
ance of the marginal sinus. A lymph node 
which is completely filled with abnormal 
tissue will not take up the contrast material 
and, therefore, will not be demonstrated on 
roentgenograms. Ín these cases the lym- 
phangiograms, made during the injection of 
the contrast material, are of paramount 
importance, and abnormal pathways of flow 
of the opaque medium are indications of 
missing lymph nodes. 

Certain characteristic aspects of the 
affected lymph nodes become obvious when 
a comparison of the anteroposterior, lat- 
eral, and oblique lymphadenograms is 
made. A definitely pathologic lymph node 


is generally not difficult to recognize among 
the normal lymph nodes. In our experience, 
however, lymphadenograms made in these 
three views are often insufficient for the 
evaluation of pathologic lymph nodes. 

In lymphoreticular malignancy, the af- 
fected lymph nodes are almost always 
enlarged, and usually groups of these are 
involved. There may be doubt as to 
whether the lesions are due to Hodgkin's 
disease or lymphosarcoma, but usually 
there is no doubt about the fact that the 
lymph node or nodes are pathologic. In 
carcinomatous metastases the lymph nodes 
are not always enlarged and the metastases 
may be limited (macroscopically) to a 
single lymph node. It is, therefore, impor- 
tant in obtaining a correct roentgenologic 
diagnosis to be able to observe any small 
changes in the Internal structure as well as 
any involvement of the marginal sinus of 
the lymph nodes. Interpretation becomes 
difficult when a number of lymph nodes lie 
superimposed over parts of the skeleton 
with inhomogeneous structure, when the 
patient is very obese, or when several 
lymph nodes are matted together. To gain 
more information concerning the location, 
shape, and structure of normal and patho- 
logic lymph nodes and to establish a more 
reliable evaluation of metastases of carci- 
noma in lymph nodes, we have attempted 
tomography as a supplementary method of 
examination. 

On tomograms the following characteris- 
tic findings according to the degree of infil- 
tration of the lymph nodes by metastatic 
carcinoma are demonstrated: 

(a) The lymph node may show no en- 
largement; the marginal sinus is inter- 
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Fic. 1. Tomogram showing the marginal lesions due to metastases. The boundary between the metastases 
and the normal lymph node tissue is indistinct and irregular. 

Fic. 2. Tomogram showing 2 enlarged lymph nodes in which the destruction caused by the metastases has 
progressed so far that only a small remnant of the lymph node tissue is visible. 

Fic. 3. Tomogram showing the greatly enlarged lymph node, whose internal structure has almost entirely 
disappeared. The marginal sinus is still clearly delineated but shows several interruptions. 


rupted at one or more places; and the 
boundary between metastatic and normal 
lymph node tissue is blurred and irregular 
(Fig. 1). 

(b) The lymph node is usually enlarged; 
the metastatic lesions have progressed so 
far that only a small amount of macroscopi- 
cally normal lymph node tissue remains; 
and the marginal sinus has largelv disap- 
peared (Fig. 2). 

(с) The lymph node is,enlarged; the 
internal structure has almost entirely dis- 
appeared; and the original shape of the 
lymph node is indicated by the marginal 
sinus which can be clearly distinguished 
although a few interruptions are present 
(Fig. 3). 

(d) The lymph node is completely re- 
placed by carcinoma and is consequently no 
longer visible. 

On the /ymphangiograms the lymphatic 
drainage channels may be seen arched 
around the pathologic lymph node which 
has not taken up the contrast medium. 

The lymphadenograms show an abrupt 
interruption of the glandular chain. When 
drainage is obstructed, the supply channels 


are visible on the lymphadenograms and 
the tomograms. 

The ¢omograms are made with а recti- 
linear tube and film motion, a focus-film 
distance of 1.50 m. and an angle of 40 de- 
grees. The distance between the various 
sections 18 O. 5 cm., or In some cases 0.25 ст. 
When possible, the patient is placed in a 
prone position. The usefulness of tomogra- 
phy in evaluation is illustrated by the cases 
cited below. 


REPORT OF CASES 


Case 1. Mr. K.F. (3552/64), a 25 year old 
male, had surgery performed on the right lower 
leg for the first time in September, 1964. For a 
period of 6 months prior to that, he had had a 
pigmented nevus suggestive of melanoma; in 
the groin there was a lymph node which in- 
creased rapidly in size. The nevus was totally 
excised with extensive lymph node dissection. 
Histologic examination of the nevus and lymph 
nodes showed malignant melanoma with lymph 
node metastases. At a follow-up examination 
in December, 1964, a swelling was palpated 
above Poupart's ligament on the right side. 
The cytologic diagnosis from a sample obtained 
by puncture of the lymph node was malignant 





lic. 4. Case 1. Melanosarcoma. Lymphadenogram 
showing a large pathologic lymph node in the right 
iliac region. 


metastasis from the melanoma. Clinical ex- 
amination revealed no indications of metastases 
to the liver or lung. 

A lymphographic examination was then 
carrled out to determine the extent of the 
metastases. The lymphadenogram (Fig. 4) 
demonstrated a pathologic lymph node, the 
size of a hen's egg on the right, in the lower 
iliac region. 

Tomography gave the following results: 
Figure са (Section 135) showed a normal iliac 
lymph node (A) and a pathologic iliac lymph 
node (B). The latter lymph node was markedly 
enlarged, the marginal sinus was interrupted, 
and the internal structure was barely recog- 
nizable. The pathologic iliac lymph node (Fig. 
56, C) became distinctly visible on Section 15. 
An interrupted marginal sinus with almost no 
internal structure was visualized. More ven- 
trally, 3 other lymph nodes were seen on Sec- 
tion 16 (Fig. 5с). These were an inguinal lymph 
node (D) and 2 iliac lymph nodes (E and F); 
all were roentgenologically normal. The lymph 
nodes along the common and external iliac ves- 
sels as well as the lumbar and aortic lymph 
nodes were also examined tomographically and 
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were found to be normal. Tomograms give a 
better idea of the shape and structure of the 
lymph nodes in this region. 

On the basis of the lymphographic findings, 
surgery was again performed. The lymph nodes 
in the right inguinal, iliac, lumbar, and aortic 
regions were removed. The pathologist's report 
confirmed the roentgenologic diagnosis. 


Case П. Mr. A.N. (16212/63), a 46 year old 
male, underwent an orchidectomy on the right 
side in April, 1964 for a seminoma of the testis. 
The patient reacted well to postoperative irra- 
diation. In October, 1964 he complained of 
fatigue and pain in the back. The intravenous 
pyelogram showed a lateral displacement of the 
right kidnev. 

Because there were clinical reasons for sus- 
pecting retroperitoneal metastases, lymphog- 
raphy was performed. On the anteroposterior 
(Fig. 6), lateral (Fig. 7) and oblique lymph- 
adenograms, the paralumbar and para-aortic 
lymph nodes on the left side were seen to be 
displaced to the left. These lymph nodes did 
not appear enlarged but were irregular in shape 
(A, B and C in Fig. 6 and 7). 

Only on tomograms were the affected lymph 
nodes clearly demonstrated (Fig. 8, а, # and с). 

On the basis of the lymphographic findings, 
the patient was again treated by radiation, this 
time with telecobalt, to which he reacted well. 
On follow-up examinations the pathologic 
lymph nodes were distinctly smaller and the dis- 
placement of the paralumbar and para-aortic 
lymph nodes was reduced. 


Case ш. Mr. N.v.W. (7067/64), a 29 year 
old male, was admitted in April, 1964 with a 
large malignant lymphogranuloma in the left 
groin. The left testicle was stone-hard. The 
cytologic diagnosis based on a sample obtained 
by puncture of the lymph node showed me- 
tastasis of a seminoma of the testis. 

A lymphographic examination was carried 
out to determine the extent of the malignant 
process. On the lymphadenogram (Fig. 9), in 
the left inguinal region, not only a normal 
lymph node (A) but also several lymph nodes 
raising the suspicion of metastases (B and C) 
were seen. Also noteworthy is that on both 
sides only a few lymph nodes were visible in 
the inguinal region. The iliac, paralumbar, and 
para-aortic lymph nodes are difficult to eval- 
uate on the lymphadenogram. 

Tomograms of the paralumbar, para-aortic, 
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Fic. 5. Case 1. Melanosarcoma. (a, # and с) 
Tomograms of the lower right iliac re- 
gion. The iliac lymph node (A) is roent- 
genographically normal, the iliac lymph 
nodes (B and C) are pathologic. The 
inguinal lymph node (D) and iliac 
lymph nodes (E and F) are roentgeno- 
graphically normal. 
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Fic. 6. Case п. Seminoma of testis. Anteroposterior — Fic. 7. Case rr. Oblique lymphadenogram showing 
lymphadenogram. The right paralumbar and para- the same findings as Figure 6. 
aortic lymph nodes are displaced to the left. The 
lymph nodes (A, B and C) show no marked en- 
largement but the shape is irregular. On the basis of the lymphographic findings, 
a left hemicastration and extirpation of the 
iliac, and right inguinal regions appeared nor- lymph nodes in the inguinal and iliac regions 
mal. Tomograms of the inguinal lymph nodes on the left were performed. During the opera- 
on the left side (Fig. то, а and 4) showed a tion, it was found that no lymph nodes other 
normal (A) and a pathologic (B) lymph node. than those which had been filled with contrast 
The questionable lymph node (C) on the medium were present. The histologic examina- 
lymphadenogram, however, appeared roent- tion confirmed the roentgenologic diagnosis. 
genologically normal. It is assumed that the abnormal course of the 





Fig. 8. Case 11. Seminoma of testis. (а, b, and с) Tomograms showing clearly the changes in the lymph nodes 


(A, B and C). 
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Frc. 9. Case ш. Seminoma of testis. Lymphadeno- 
gram showing in the left inguinal region a normal 
lymph node (A), while lymph nodes (B and C) 
raise suspicion of metastases. 





metastases was due to an operation at the age 
of 12 years for undescended testicles. 


CasE 1v. Mrs. J.H.E. (5805/64), a 48 year 
old female, had for some time experienced a 
burning pain in the right leg. A firm swelling, 
measuring approximately 8 by 3 cm., was 
palpable in the right groin. Cvtologic examina- 
tion (based on a puncture) revealed fibrosar- 
coma. Before surgery, a lymphographic ex- 
amination was carried out. 

The lymphadenogram (Fig. 11) provided no 
further information about the palpable swell- 
ing in the right groin. The lymph nodes in the 
inguinal, iliac, paralumbar, and para-aortic 
regions could not all be properly evaluated be- 








FG. то. Case ш. Seminoma of testis. (а and 6) Tomograms showing normal inguinal lymph nodes (A and C) 
and one (B) which is pathologic. 





Fic. 11. Case 1v. Fibrosarcoma. Lymphadenogram 
showing that the lymph nodes in the inguinal, 
iliac, paralumbar and para-aortic regions cannot 
be properly evaluated. 


cause of overprojection of intestinal contents 
and skeletal elements on the anteroposterior, 
lateral, and oblique lymphadenograms. 

Tomograms showed the paralumbar, para- 
aortic, and iliac lymph nodes to be normal. A 
tomogram of the right inguinal region showed 
a pathologic lymph node (A in Fig. 12), the 
others appeared normal. 

At surgery, a tumor measuring IO Cm. in 
cross-section was removed from the right groin 
and the lymph nodes in the inguinal and iliac 
regions were extirpated. Histologic examina- 
tion showed that the pathologic lymph node 
(A) was almost entirely replaced by metastases. 
The other lymph nodes appeared normal. 


Case v. Mrs. N.J.S. (8209/64), a 48 year old 
female, was admitted in April, 1964 for 
menopausal flux. Curettage provided evidence 
of an undifferentiated adenocarcinoma. Roent- 
genographic examination of the kidneys, thorax 
and theracic and lumbar vertebrae revealed no 
metastases. A liver function test showed slight 
disturbance. 

A lymphographic examination was done to 
determine whether metastases were present in 
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the lymph nodes. At the level of the right 
arteria Шаса communis, the lymphadenogram 
showed an area which was bordered on both the 
upper and lower side by small, apparently 
normal lymph nodes (A, B, C, D and E in 
Figure 13). 

On the tomographic sections (Fig. 14, а, 2 
and c), some lymph nodes (A and C) were 
normal; one (B) appeared to be the remnant of 
an enlarged metastatic lymph node whose mar- 
ginal sinus was only partially intact; and lymph 
nodes (D) and (E) were remnants of an en- 
larged pathologic lymph node which showed 
only a partially intact marginal sinus. 

The patient was treated surgically with total 
extirpation of the uterus and its adnexa. His- 
tologic examination showed that the lymph 
nodes with a pathologic appearance on the 
lymphograms were invaded by metastases of 
the adenocarcinoma of the corpus uteri. 
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Fic. 12. Case ту. Fibrosarcoma. Tomogram show- 
ing that the lymph node (A) is pathologic. 
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Fic. 13. Case v. Carcinoma of corpus uteri. Lympha- 
denogram showing at the level of the right arteria 
iliaca communis a large area, bordered above and 
below by small lymph nodes (A, B, C, D and E); it 
is not clear whether these are a number of small 
normal lymph nodes or partially eroded larger 
lymph nodes. 


Case vi. Mrs. А.А.В. (1343/63), а 53 year 
old female, came for treatment of menopausal 
flux. Vaginal examination showed an eroded 
cervix with a slight thickening of the medial 
portion of the left parametrium. On speculum 
inspection a polypoid tumor of the cervix was 
noted. Histologic examination of a biopsy 
sample revealed squamous cell carcinoma. A 
diagnosis of squamous cell carcinoma of the 
cervix uteri Stage п was made. 

Lymphography was carried out to determine 
the presence of metastases in the lymph nodes. 
The anteroposterior (Fig. 154), lateral, and 
oblique (Fig. 152) lymphadenograms showed 
an enlarged lymph node which appeared to 
contain metastases in the left lumbar region. 

However, tomograms (Fig. 16, a, 2, c and d, 
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representing Sections 13, 133, 14 and 143) 
demonstrated an oblong lymph node (A), a 
round lymph node (B), and a few small con- 
trast spots (C). The appearance of the lymph 
nodes was normal. The deceptively pathologic 
picture on. the lymphadenograms had been 
caused by overprojection of several lymph 
nodes. 

Treatment consisted of intrauterine applica- 
tion of radium followed by percutaneous irra- 
diation of the parametria. 

Repeated lymphographic examinations after 
18 months showed no changes. 


SUMMARY AND CONCLUSIONS 


The evzluation of and differentiation 
between ncrmal and metastatically invaded 
lymph nodes offer serious difficulties when 
the lesions and the changes in the lymph 
nodes are not pronounced. 

The presently reported cases clearly 
show that tomography in addition to an- 
teroposterior, lateral and oblique lymph- 
adenography can supply important addi- 
tional information concerning the location, 
shape, and structure of pathologic changes 
in lymph nodes. Furthermore, this method 
reveals metastases which are not distinctly 
visible on the follow-up examinations and 
permits the identification of suspected 
metastases by overprojection of small but 
healthy lymph nodes. 

We are of the opinion that when applied 
as a supplementary examination, tomogra- 
phy 1s indispensable in arriving at the most 
reliable roentgenologic diagnosis. 


Dr. T. de Roo 
Afdeling Radiologie 
Academisch Ziekenhuis 
Leyden, Netherlands 
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Fic. 14. Case v. Carcinoma of corpus uteri. 
(a, 6 and c) Tomograms showing normal 
lymph nodes (A and C) and a small lymph 
node (B) which appears to be a contrast- 
filled remnant of an enlarged metastatic 
lymph node with marginal sinus still par- 
tially intact. Lymph nodes (D) and (E) are 
the remnants of a single enlarged pathologic 
lymph node with a partially intact marginal 
sinus. 
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lic. 15. Case vr. Carcinoma of cervix uteri. (a and 4) Anteroposterior, and oblique lymphadenograms 
showing an enlarged lymph node apparently affected by metastases in the left lumbar region. 





F16. 16. Case vi. Carcinoma of cervix uteri. (а, 4, c and d) Tomograms showing that the apparently patho- 
logic lymph node seen in Figure 15, a and 4 is composed of one oblong lymph node (A), one round lymph 
node, (B), and several spots of contrast medium (C). The lymph nodes here have a roentgenologically 
normal appearance. 
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LYMPHANGIOGRAPHY IN LYMPHOMA* 
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p o often presents as a local 
problem which commonly becomes 
more diffuse as the disease progresses. The 
initial localized lesion can be effectively 
treated, but the physician must be alert to 
the long progressive problem in diagnosis 
and management which often requires all 
the clinical diagnostic help available. Loss 
of weight, anorexia, anemia and fever will 
commonly occur and may be difficult to 
evaluate in a patient who has no evidence 


of recurrent disease in the original area of 
involvement. With the clear memory of 


past patients, the physician balances along 
the narrow line between widespread sub- 
clinical disease and overt local break. 
through, between low grade bearable ѕутр- 
tomatologv and overwhelming malaise; 
withholding therapy until the optimum 
time so that the most will be gained thera- 
peuticallv. It is often stated that the most 
successful response will be seen in the first 
use of a therapeutic modality and effective- 
ness in lymphoma will decrease with re- 
treatment. Even though it mav be medi- 
cally judicious to wait for objective evi- 
dence of disease in an area before treat- 
ment, this may not be possible in a patient 
whose svmptoms are uncontrolled with 
usual medication. For these reasons, it is 
important to be aware of the objective 
evaluation of inaccessible areas made pos- 
sible by lymphangiography.?-11 2515 
Retroperitoneal involvement of lymph 
nodes appears to be one of the major areas 
of occult involvement concomitant with 
more peripheral disease, for example, neck 
and axilla. Retroperitoneal disease may be 
the unrecognized cause of serious systemic 
symptomatology. Because of the multi- 
centric nature of lymphoma with its chain- 
like lymph node distribution, it is common 
not to palpate a localized retroperitoneal 
mass. To document this involvement on 
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roentgenograms offers important visual 
data for decisions in therapv. 

In the majority of cases, the onset is 
insidious rather than abrupt and the earli- 
est symptoms fall into the following three 
groups: (1) general or systemic; (2) local, 
referable to the blood-forming or lym- 
phatic organs; and (3) local, referable to 
other organs. The general symptoms in- 
clude malaise, lack of energy, fatigue, fever, 
night swezts, loss of appetite, loss of weight, 
weakness, pallor and shortness of breath. 
Most common in the group of local зутр- 
toms referable to the blood.forming or 
lymphatic organs is enlargement of the 
lymph nodes. Since such swellings are 
generally painless, patients will often take 
no action about them unless thev become 
unsightly or mechanically troublesome. 
Unfortunately, the delay permits the devel- 
opment of generalized lymphadenopathy in 
the axillae, epitrochlear regions, groin, 
pelvis, ani abdominal lymph nodes. Symp- 
toms referable to other organ systems are 
uncommon and are more often seen in the 
later stages of the disease than the onset. 
All organ systems can be the site of lym- 
phomatous involvement. 


PATHOLOGY 

The distribution of disease in the “ma- 
lignant lymphoma” groups varies from case 
to case. In some instances, the local growth 
is followed by enlargement of the regional 
lymph nedes and spleen and тау simulate 
leukemia. This spectrum is further widened 
if the tumor cells enter the blood stream in 
sufhcient numbers to present a “leukemic” 
blood picture.? Lymphosarcoma has been 
observed to terminate with a leukemic 
blood picture. Hodgkin's sarcoma and 
reticulum cell sarcoma have been observed 
with leukemia. The follicular forms of 
lymphoma can eventually lose the follicular 
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Presenting Problems 


Fever of unknown origin; ab- 
dominal disease to be ruled 
out 


ТАВЉЕ І 


Pathology 


антет 


No positive pathology 


AUGUST, 1965 


Roentgen Findings 


Negative lymphangiogram 


PLE P AP i | atlanta HYIP AO SSS esse 


Case 


Case 


Chronic lung disease; short- 
ness of breath; cervical 
lymphadenopathy; recurrent 
fever; chills and weight loss 
led to lymphangiography 


Fever; right lower quadrant 
abdominal mass; enlarged 
posterior cervical lymph 
nodes; recurrent fever 


Lymphoma—lymphocytic 
cell type 


Lymphangiogram positive 





Hodgkin's disease 


ARAM SA памети pe M E s a s a e I IIIA APA A SET Tai IE DUR e a HA AA MA A A а 


LMR m GN € туттарар аа 





Numbness from the waist 
down; diffculty in walking; 
bilateral Babinski signs 


Enlarged neck and axillary 
lymph nodes; dysphagia; 
night sweats; recurrent short- 
ness of breath; splenic pain 


Anemia; weakness; shortness 


of breath 


Lymphoma—reticulum cell 
type 


Inferior vena cavagram re- 
vealed mass; ureters dis- 
placed on intravenous py- 
elogram; lymphangiogram 
positive 


Osteoblastic vertebra; left 
ureter deviated; vena cava 
displaced slightly; lymph- 
angiogram positive 


AR Re a I мртви el 


Lymphoma—lymphoblastic 
cell type 


No positive pathology 


Bone destruction; lymphan- 
giogram positive 


Lymphangiogram negative 


p aane m eR RD EU —————— n I TOOT EE EE ERE E E o a 


POA A n E ( [S E M ада Баида дели 


Mese pre im nee | € lita P (Ao ААА IIR IHRE P m iin 


Case 5 | 34 M 
Case 6| 75 M 
Case 7 | 25 M 
Case 8 | 23M 
Case 9 | 23M 





Pain; swelling; masses of 
right neck and both axillae; 
abdominal disease to be ruled 
out 


Abdominal and flank pain; 
enlarged inguinal lymph 
nodes; recurrent back pain; 
right lower abdominal pain; 
mass in inguinal areas. De- 
veloped thigh swelling 9 
months after radiation treat- 
ment 


Nodular swelling in left neck; 
recurrent fever and enlarged 
spleen 


Vague abdominal pain; an- 


orexia; mass in right lower 
abdomen; anemia; inguinal 
lymph nodes enlarged; recur- 
rent disease showed leg swell- 
ing and pleural effusion 


Hodgkin’s disease 


rere aa RR 


Lymphangiogram negative; 
vena cavagram negative 


€ EE EE 


Lymphangiogram showed 
dilated vessels in thigh; no 
positive lymph nodes 


teehee NR RHE љиљана А ата ви 


Hodgkin’s disease 


Lymphangiogram positive 


Lymphoma—lymphoblastic| Lymphangiogram negative 


Hodgkin’s disease • 
or reticulum cell type 
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ТављЕ I (Continued) 
Age | 
and Presenting Problems Pathology Roentgen Findings 
Sex 
Case rr 8 E Раа. cervical lymph | Tagen -reticulum cell Lymphangiogram abnormal! 
5 | , iymph | | 
| nodes with dysphagia; recur- | type | 
| rent disease; inguinal lymph | | 
, nodes enlarged; right lower | | 
| abdominal mass; edema of | 
| feet and id | 
Case 12 | 61 M | Reke pow Iymphaden- | Lymphoma reticulum cell Lymphangiogram negative 


opathy; diarrhea; 
weakness 


anorexia; 





| Enlarged cervical lymph 
| nodes; right superior medias- 


| | tinal mass; recurrent fever 
| and anemia 
| 


larged 


larged | 


character. Other combinations and transi- 
tions have been reported, but there is a 
tendency to continue as the same general 
type of disease throughout the course. 

All primary tumors of lymph nodes are 
malignant. They almost invariably arise 
either from lymphoid cells or from reticulo- 
endothelial cells (histiocvtes) or their deriv- 
atives. In this connection, it should be 
recalled that lymphocytes probably arise 
from reticulum cells, either directly or 
indirectly through the more primitive 

“lymphoblast” stage. 

The tumor may arise from these cells at 
any stage in their development. For ex- 
ample, it may be composed mainly of small 
adult lymphocytes or of larger primitive 
lymphoid cells (lymphoblasts) or of any 
intermediate stage in the lymphoid series. 
It may consist largely of reticulum cells, 
with or without the formation of reticulin 
fibers, and, occasionally, with the develop- 
ment of b zarie giant multinuclear or poly- 


| type 


t y pe 


pg | | Inguinal lymph nodes en- | Ly 
H 


Inguinal lymph nodes en. | Lymphoma 


morphonuclear forms similar to those seen 
in Hodgkin’s disease. 

When an individual lymph node 1s ex- 
amined histologically without know ledge of 
changes elsewhere in the body, it may be 
impossible to correctly designate the sub- 
group to which each belongs. An example of 
this is seen in tumors composed principally 
of lymphocytes. Without further informa- 
tion, 1t cannot be determined whether or 
not the tumor cells have alreadv entered 
the blood in large numbers and, therefore, 
whether the condition should be called 
"leukemia" or "lymphosarcoma."! Malig- 
nant neoplastic disease of the lymphoid 
cells apparentlv occurs in all species in 
which these cells are recognized. The di- 
sease 15 not known in species below the 
vertebrates. 


CLINICAL MATERIAL 


Sixteen consecutive patients are listed in 


Table 1. Five cases are reported in detail 


Fic. 1. Case 1. Recurrent fever, unexplained by ex- 
tensive work-up, suggested the possibility of retro- 
peritoneal disease. The lymphangiogram imme- 
diately following the procedure was normal. 


(Case 1,9, 3, 4 and 5). In: all patients at 
some point in their course, it was deemed 
medically important to evaluate the retro- 
peritoneal lymph nodes. Two patients, 
after an extensive but unrevealing work up, 
were suspected of retroperitoneal lym- 
phoma. Lymphangiography showed по 
evidence of retroperitoneal disease (Case 1 
and 6). Five patients, after varied courses 
of lymphomatous disease with at least one 
modality of treatment, demonstrated re- 
current signs and symptoms suggestive of 
retroperitoneal disease. Lymphangiography 
was confirmatory in these cases (Case 2, 3, 
5, 9g and 11). Six patients with positive 
biopsy of peripheral lymph nodes or a 
localized lymphoma had clinical suspicion 
of retroperitoneal lymphoma, but lym- 
phangiography was normal (Case 7, 8, 10, 
12, 13 and 14). Three patients with appar- 
ent local disease proved to have retroperi- 
toneal lymphoma when studied during their 
initial admission (Case 4, 15 and 16). It 1s 
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Important to recognize that this informa- 
поп is usually not available short of laparot- 
omy; therefore, lymphangiography takes a 
logical place in the work-up in this tvpe of 
problem. 


REPORT OF CASES 


Case 1. This 40 year old policeman was ad- 
mitted to the hospital following laceration of 
his forehead and fracture of the frontal sinuses. 
He had two re-admissions since that time with 
postconcussion headaches. His most recent 
admission was prompted bv convulsions. 

Four days prior to this last admission, fever 
spiked to 102?F. with severe frontal headache. 
The evening prior to his current admission, his 
temperature rose to 104°“, Work-up was com- 
pletely negative. Bilateral carotid arteriograms 
and lymphangiograms were normal (Fig. 1—4). 
Liver biopsy was normal. The fever seemed to 
resolve spontaneously. 


Fic. 2. Case 1. Twenty-four hour follow-up lymph- 
angiogram demonstrated the normal lymph node 
shape and distribution. 
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Comment. In this patient severe febrile 
episodes recurred daily for 3 weeks. De- 
tailed clinical investigation revealed no 
pertinent information. Surgical exploration 
to rule out lymphoma was considered but 
normal lymphangiograms ruled out this 
possibility. 


Case 2. This 64 year old white female en- 
tered with the chief complaint of shortness of 
breath of 2 weeks’ duration. She had a long 
history of chronic lung disease with recurrent 
pulmonary infection and complicating infection 
in other sites (mastoiditis and brain abscess). 
On this admission cervical lymphadenopathy 
was noted. Biopsy revealed lymphoma, lymph- 
ocytic type. Nitrogen mustard was given with 
the lymphade- 
nopathy. The patient was re-admitted in 3 
months with complaints of increasing weakness 
and shortness of breath. The clinical picture 
was again dominated by pulmonary infection 
with increasing pulmonary effusion. The pa- 
tient was again treated with nitrogen mustard. 


considerable regression of 





lic. 5, Case Т. Twenty-four hour follow-up lateral 
Iymphangiogram. 
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liG. 4. Case 1. The thoracic duct was seen immedi- 
ately following injection and appeared. normal. 


In 8 months, the patient was re-admitted with 
chills and weight loss. 

Lymphangiograms showed typical changes 
of lymphoma throughout the iliac and para- 
aortic lymph nodes (Fig. 5-7). A 
radiation therapy was given. Roentgenograms 


course of 


showed a decrease in the size of the lymph 
nodes post therapy and condensation of con- 
trast material (Fig. 8 and 9). 


Comment. Systemic treatment twice 
with nitrogen mustard was very effective: 
however, eventually a more localized agent 
was needed. A complete visualization of the 
retroperitoneal lymph node chains was 
obtained to better localize the radiation. 


CASE 3. А 35 year old man was admitted to 
the hospital with the chief complaint of spiking 
fever of duration. Positive 
hndings were a right lower quadrant mass on 
abdominal examination and posterior cervical 
lymphadenopathy. He had lost 45 pounds in 
5 months and 10 pounds in the previous week. 
| 


lis appetite had decreased. He complained of 


several weeks’ 
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lic. 6. Case 2. Twenty-four hour lymphangiogram 
after injection showed the vessels cleared and a 
grossly disturbed lymph node anatomy. 


a steady ache in the lumbar spine for several 
months. A cervical lymph node was removed 
which was reported histopathologically as 
Hodgkin’s disease. Radiation therapy to the 
neck lymph nodes and lower abdomen was 
given; however, the fever continued. 

Inferior vena cavagrams and intravenous 
pyelograms revealed a residual abdominal mass 
overlving the lower lumbar spine with obstruc- 
tion of the inferior vena cava and displacement 
of the ureters at this point. 

Lymphangiography was performed and re- 
vealed abnormal inguinal and para-aortic 
lymph nodes characteristic of Hodgkin’s disease 
(Fig. 10). The patient was retreated with 





FIG. 5. Case 2. Anatomic appearance of lymph nodes 
immediately following injection is shown above. 
Recurrent fever, chills and weight loss led to 
lymphangiography. The iliac and para-aortic 
lymph nodes were diffusely enlarged with a foamy 
reticular replacement pattern characteristic of | Fic. 7. Case 2. Lateral lymphangiogram showing 
lymphoma. lymph node involvement. 
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Fic. 8. Case 2. Closer view of the para-aortic lymph 
nodes before therapy. 

radiation and definite improvement was ob- 

tained (Fig. 11 and 12). 


Comment. Following an initial course of 


irradiation of the lower abdomen, residual 
tumor was felt to be present. An inferior 


vena cavagram showed some degree of 


| defined 
the need for additional inguinal апа para- 
aortic irradiation. 


obstruction. Lymphangiography 


CASE 4. A 59 year old white, female was ad- 
mitted with chief complaints of hematuria, 
urinary frequency and urgency. One night prior 
to admission, she had gross painless hematuria. 
Physical examination revealed an obese woman 


in no acute distress. There was no evidence of 


intra-abdominal mass or costovertebral angle 
tenderness. She was admitted to the urologic 
service for evaluation and subsequently treated 
for cystitis. The patient was discharged and re- 
admitted 3 months later, complaining of numb. 
ness from the waist down and difficulty in 


yyy» 


lic. то. Case 3. Enlarged partially replaced lymph 
nodes characteristic of lymphoma are well shown 
on this 24 hour postinjection study. Recurrent 
fever led to lymphangiography. 
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Fic. 9. Case 2. View of para-aortic lymph nodes after 
therapy. Note the condensation of the contrast 
medium as the lymph nodes shrink in size. 
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Ето. 11. Case 3. Closer view of involved lymph 
nodes before therapy. 


lic. 12. Case 3. View of involved lymph nodes after 
therapy. Decrease in size and condensation of con- 
trast material are well seen. 


walking. Examination revealed weakness of the 
lower extremities with moderate spasticity and 
bilateral Babinski signs with decreased pin 
prick perception at Ts and T6 distribution. A 
neurosurgical consultation was obtained and a 
laminectomy was performed at the area of Т5 
tarough T7. A large firm tumor constricting the 
cord was removed. The histopathologic report 
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Fic. 15. Case 4. Lymphangiogram demonstrated ab- 
normal channels and lymph node replacement at 
the level of L4 with vessels dissecting into the 
lateral retroperitoneal area, The second lumbar 
vertebra showed blastic change which proved to be 
reticulum cell lymphoma. 
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was lymphoma, reticulum cell type, involving 
the epidural space. Roentgenograms of the 
lumbar spine area revealed osteoblastic change 
of L2. Retroperitoneal disease was strongly 
suggested and lymphangiography was per- 
formed. Partial obstruction at the L3-L4 level 
was demonstrated with abnormal vessels dis- 
secting into the lateral retroperitoneal area 
(Fig. 13). Delayed roentgenograms with intra- 
venous pyelography showed a mass of ab- 
normal lymph nodes displacing the ureter 
laterally (Fig. 14). An inferior vena cavagram 
showed no displacement (Fig. 15). 


Comment. This patient certainly illus- 
trated the variability of initial involve- 
ment. Lymphangiography demonstrated 
extensive retroperitoneal disease. Lym- 
phatic collateral vessels dissected into the 
lateral retroperitoneal tissue to circumvent 
the main para-aortic involvement. 


Case §. This 34 year old white male entered 
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Fic. 14. Case 4. Twenty-four hour study post lymph- 
angiography showed a mass of abnormal lymph 
nodes at the L35-L4 level, displacing the ureter 
laterally. 
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Fic. 15. Case 4. The inferior vena cava was not dis- 
placed by the mass of abnormal vessels and 
lymph nodes. 


with the chief complaint of swollen glands on 
the right side of the neck of 5 weeks’ duration. 
The patient had experienced dysphagia and 
night sweats for the preceding 3 months. 
Excisional biopsy of a cervical lymph node re- 
vealed malignant lymphoma, lymphoblastic 
type. Radiation therapy to the neck lymph 
nodes produced a good response. 

In 6 months the patient was re-admitted 
with shortness of breath, axillary pain, low 
chest pain and splenic pain. Roentgenograms 
showed a eft pleural effusion and destruction 
of the ribs and pelvis (Fig. 20). Lymphangio- 
grams demonstrated grossly involved lymph 
nodes in the para-aortic area (Fig. 16 and 17). 
Seven months later the lymph node involve- 
ment had :ncreased markedly (Fig. 18 and 19). 


— 


Comment. Lymphangiography will al- 
low for a variable period of visualization, 
often many months. Demonstration of 
lymph node shrinkage during therapy and 
recurrence with increase in size can be a 
great advantage. 


944 


Fic. 16. Case 5. Shortness of breath, axillary pain 
and pleural pain prompted lymphangiography. 
Grossly involved lymph nodes were shown in the 
para-aortic area. 


SUMMARY 


Sixteen cases were studied by lymphan- 
giography for lymphoma. Fourteen cases 
were known lymphoma patients in whom 
lymphangiography was utilized to evaluate 
the retroperitoneal space. Two patients 
without positive pathology were studied to 
rule out retroperitoneal lymphoma. Five 
cases are reported in detail to demonstrate 
the integral part that lymphangiography 
can play in the lymphoma patient. In the 
absence of overwhelming objective evi- 
dence of retroperitoneal disease, lymphan- 
giography stands alone as the one single, 
easily tolerated, specific, highly reliable, 
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Fic. 17. Case 5. Closer view in lateral projection 
showed the enlarged partially replaced lymphom- 
atous lymph nodes. 


direct method of evaluation. 


Richard D. Kittredge, M.D. 
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l'1G. 18. Case 5. Seven months later the lymph node 
involvement had increased markedly. 
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liG. 19. Case 5. Closer view in lateral projection 
showed progressing replacement and enlargement 
of lymph nodes. 





Fic. 20. Case 5. Bone destruction and pleural effusion 
developed at this time. 
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DORSAL PARASPINAL MASS IN 


HODGKIN’S DISEASE* 
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Г А review of 403 cases of Hodgkin’s 
disease treated by radiation therapy at 
the University of Michigan Medical Center 
from the years 1940 through 1962, a para- 
spinal mass was diagnosed in 22 patients, 
an incidence of §.§ per cent. Our report 
describes this manifestation of Hodgkin’s 
disease. 


CLINICAL MATERIAL 


The 22 patients were between 4 and £6 
years of age. The majoritv was between 20 
and 40 vears of age. There were 17 males 
and 5 females. The histologic material has 
been reviewed in each case. A pathologic 
diagnosis of Hodgkin's granuloma was 
made 1n 19, paragranuloma in 1 and Hodg- 
kin's disease unclassified in 2. 

Pain in the dorsal region was described 
by 19 of 22 patients. Their pain was con- 


stant, aching and often severe. Shortness of 


breath was the only complaint in 1 patient. 
The remaining 2 patients were children, 
ages 6 and 8 vears and no history of back 
pain was recorded. 

In only 1 patient was the paraspinal mass 
present on initial evaluation, Pn 21 patients 
there was an interval of < to 150 months 
from the initial diagnosis until the develop- 
ment of the paraspinal mass. The average 
interval was 37 months. 

At the time of appearance of the dorsal 
paraspinal mass, 6 patients had no other 
manifestation of their disease. Generalized 
lymphadenopathy with splenomegaly and/ 
or hepatomegaly was present in § patients. 
Generalized lymphadenopathy without he- 
patosplenomegalv was present in 1 while a 
localized lv mphadenopathy was concurrent 
with the appearance of a dorsal paraspinal 
mass in 6 cases. Systemic symptoms with- 


MICHIGAN 


out lymphadenopathy or hepatospleno- 
megaly were present in the remaining 4 
patients. АП patients with paraspinal 
masses developed other manifestations of 
Hodgkin’s disease during the course of the 
disease. 

Survival after the appearance 
dorsal paraspinal mass ranged from 2 to 28 
months and averaged 12 months in 18 
patients who died of the disease. The re- 
maining 4 patients were alive slightly more 
than 2, 4, 7, and 9 vears after the paraspinal 
mass was recognized and each of these 4 
patients has survived more than 4 vears 
since the onset of the disease. Of 22 pa- 
tients 11 survived at least 4 years with 
Hodgkin's disease. No clear association 
between survival and the appearance of the 
paraspinal mass or other coexisting mani- 
festations of Hodgkin's disease was noted. 

In 3 of 22 patients there were signs of 
spinal cord compression associated with the 
paravertebral mass. Laminectomy for de- 
compression was done in 1 of these. The 
surgical specimen showed infiltration. of 
bone meninges and paraspinal soft tissues 
by Hodgkin's disease. 

The role of osseous involvement in the 
development of these masses 15 not clear. 
Contiguous osseous infiltration was recog- 
nized on reentgenograms in 6 of 22 pa- 
tients. Of these, the mass was limited to the 
left side 1n 5, was bilateral in 2 and limited 
to the right side in 1. 


of the 





~ 


ROENTGENOGRAPHIC FINDINGS 


The roentgen anatomy of the paraspinal 
soft tissues was discussed by Lachman? in 
1942 and bw Brailsford! and Garland? in 
1943. The shadow cast by the paraverte- 
bral soft tissues contrasted against the lung 


* From the Department of Radiology, Alice Crocker Lloyd Radiation Therapy Center, University of Michigan, Ann Arbor, Mic higan. 
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has been called “the linear thoracic para- 
spinal shadow" and "the posteromesial 
pleural line.” This normal anatomic finding 
is frequently encountered in roentgeno- 
grams of the dorsal spine in the antero- 
posterior projection and is usuallv better 
defined on the left than on the right. This 
line parallels the vertical axis of the spine 
and is not more than 3 mm. lateral to the 
lateral margins of the dorsal vertebral 


bodies. 
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liG. 1. (4) А 26 year old man with Hodgkin's 
disease for 34 years complained of dorsal 
pain. Roentgenogram of the chest shows a 
retrocardiac left paraspinal mass. The lesion 
was overlooked. (8) Dorsal pain became 
more severe. Roentgenogram of the chest, 
made 4"months later, shows enlargement of 
the paraspinal mass. The lesion has become 
lobular. He received 1,600 r (air) to a poste- 
rior spine field in 9 days using 220 kv. radi- 
ation. (C) Chest roentgenogram made 5 
months after treatment. The paraspinal 
mass 15 no longer evident. He was free of 
pain. . 


Lateral displacement of this line has been 
noted in tuberculosis of the spine, hema- 
toma secondary to fracture, and in neo- 
plasms. Recently, Millard* has called 
attention to such displacement in the early 
diagnosis of spinal osteomyelitis and has 
named this roentgen anatomic feature the 
“linear thoracic paraspinal shadow ог 
Brailsford." These masses can be related to 
the linear paraspinal shadow by the princi- 
ple of the silhouette sign of Felson.? 
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Fic. 2. (4) А 19 year old girl with Hodgkin’s disease complained of dorsal pain. Roentgenogram of the dorsal 
spine shows a long, fusiform, paraspinal mass on the left. The greatest displacement of the paraspinal line is 
at 011-12, She received 3,000 r incident dose to a posterior spine field іл 18 da ys using cesium 137 radiation. 
(B) Roentgenogram of the dorsal spine made more than 3 years after treatment. The mass has disappeared. 


She was free of pain. 


We have observed displacement of this 
shadow in 22 patients with Hodgkin’s 
disease. Twenty-three paraspinal masses 
will be considered since one child developed 
2 paraspinal masses at separate sites with 
an interval of 10 months between episodes. 

These masses tend to be fusiform and 
extend over more than one dorsal vertebral 
segment. The larger lesions may have a 
lobular contour (Fig. І, 4, B and C). There 
was a rather specific pattern of localization 
of the paraspinal masses in our patients. 

Thirteen of 23 masses were limited to the 
left paravertebral soft tissues and greatest 
displacement appeared between the eighth 
and twelfth dorsal vertebrae (Fig. 2, 4 and 
В). In 6 instances they were bilateral and 
were also limited to the same lower dorsal 
region (Fig. 3, 4, B and C). In 4 patients 
the paraspinal mass was limited to the 
right side and each of these was found at a 
higher, mid-dorsal level from the fifth to 
the eighth dorsal vertebrae (Fig. 4). The 


anatomic and phvsiologic basis for the pre- 
dilection for these sites is unknown. 

On routine posteroanterior chest roent- 
genograms, left sided paraspinal masses are 
seen as soft tissue densities in the paraspinal 
region through the heart shadow. 

The right paraspinal portion of a bilat- 
eral mass presents as a displacement of the 
right linear paraspinal shadow and mav be 
seen as an abnormal contour in addition to 
the normal right heart border and the 
lateral margin of the inferior vena cava. 

Lesions limited to the right side may be 
more difficult to diagnosis on routine chest 
roentgenograms because of the possibility 
of confusing them with a hilar or medias- 
tinal, especially subcarinal, lymphadenopa- 
thy. Careful observation in cases of para- 
spinal masses will show the gradual dis- 
placement of the paraspinal line at the 
upper and lower limits of the lesion, which 
15 not observed in mediastinal or hilar 
lymphadenopathy. 
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In all the cases the routine posteroante- 
rior roentgenogram of the chest has been 
diagnostic. Anteroposterior roentgeno- 
grams of the dorsa! spine show this mass to 
better advantage. The lateral roentgeno- 
grams are normal unless there 1s osseous 
involvement. 

In several of our cases where serial roent- 
genograms are available, it has been possible 
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Fic. 3. (4) Roentgenogram of the chest of a 4 
year old boy with Hodgkin’s disease shows 
no evidence of paraspinal mass. (B) Roent- 
genogram of the chest made 15 months later 
shows a definite bilateral paraspinal mass in 
the low dorsal region. He received 1,500 
r (air) to a posterior field and goo r (air) to 
an anterior field in 15 days using 220 kv. ra- 
diation. (C) Roentgenogram made 5 months 
after treatment shows disappearance of the 
paraspinal mass. 


to follow the growth of these masses and 
their disappearance after treatment. In 15 
of 23 paraspinal masses, roentgenograms 
after treatment are available and show 
disappearance of the paraspinal mass tol- 
lowing treatment. 


TREATMENT 


The treatment of Hodgkin’s disease has 
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FIG. 4. A 14 year old white boy with Hodgkin's dis- 
ease complained of dorsal pain. Roentgenogram of 
the chest shows a right paraspinal mass displacing 
the right paraspinal line. He received 1,000 r (air) 
to each of anterior and posterior mediastinal fields 
in II days using 220 kv. radiation. No follow-up 
roentgenograms are available. 


varied considerably in this institution since 
1940. All of the patients except 2 were 
irradiated. These 2 had svstemic manifesta- 
tions of Hodgkin's disease when the para- 
spinal mass appeared, and were treated 
with chemotherapy alone. One showed 
disappearance of the paraspinal mass on 
follow-up roentgenograms. 

Most of the irradiated patients were 
treated using 200 kv. or 250 kv. radiation to 
a single dorsal port. Doses varied from 400 
г (air) given in one day to 3,000 г (air) given 
in 24 davs. A few cases were treated with 
opposing ports to doses that ranged from 
1,200 r to 2,400 r in air to each port in д to 
I4 days. 

Recently, Cs? radiation has been em- 
ployed. The dose given at 1.5 mm. beneath 
the surface of the skin through a single 
dorsal port has been of the order of 3,000 r 
to 4,050 rin II to 24 days. 

Complete regression of the paraspinal 
mass after irradiation was verified in all of 
the 14 lesions that had follow-up roentgeno- 
grams of the region involved. It is indeed 
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remarkable to note the good response of 
this mass to radiation therapv, particularly 
in view of the diverse techniques emploved. 
some cases received a low radiation dose 
when compared to that currently em- 


ploved. 


SUMMARY 


I. In a review of 403 patients with 
Hodgkin's disease, 22 were found to have 
paraspinal mass. 

2. In 19 out of 22 patients, the appear- 
ance of tae paraspinal mass was associated 
with dorsal pain, often severe. 

3. Twenty-three masses were found in 22 
patients. Thirteen of the paravertebral 
masses were found in the left lower para- 
dorsal region. Similar location was found in 
the 6 instances of bilateral masses. The 4 
right paravertebral masses appeared at a 
higher level, generally from the fifth to the 
eighth dorsal vertebrae. 

4. Complete disappearance of the para- 
spinal mass after radiation therapy was 
noted in all of the 14 lesions in which 
follov-up roentgenograms were available. 


Richard M. Witten, M.D. 
Radiation Therapy Center 
Departmen: of Radiology 
University Hospital 

Ann Arbor, Michigan 
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THE EFFECT OF IRRADIATION ON THE INTACT 
SUPRAVITALLY STAINED MAMMALIAN CELL* 
By PAUL W. SCANLON, M.D., Section of Therapeutic Radiology, 


Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


ie SPITE of the emphasis placed on the 
damage to  desoxyribonucleic acid 
(DNA) or the replicating genetic system 
of mammalian cells following irradiation, re- 
cent investigators are questioning whether 
this is the only or even the chief means of 
cellular damage. Much recent work has 
lent support to the “enzyme-release” 
hypothesis in which damage to the integrity 
of the plasma membranes and intracellular 
permeability barriers is an important and 
perhaps primary result of radiation-induced 
cell death. Goldfeder,‘ in 1963, clearly dis- 
tinguishing between reproductive death or 
that caused by radiation injury to the 
genetic material of the dividing cell and 
interphase death or radiation effects on 
nondividing cells leading to their destruc- 
tion, presented two types of evidence sup- 
porting her conclusion that interphase or 
acute cell death is caused by radiation 
damage to the plasma membranes of the 
cell. With an enzyme-analysis method, she 
demonstrated a shift in catalase activity 
from the mitochondrial to the cell-sap 
fraction following irradiation of tumors in 
situ. This shift in catalase activity from one 
intracellular compartment to the other she 
explained by changes produced by radia- 
tion in the permeability or fragility of the 
mitochondrial membranous systems. Sec- 
ondly, by means of electron microscopy 
studies, profound changes in the mito- 
chondrial structures in irradiated .cells 
together with ruptures of the limiting 
plasma membranes were shown. This rup- 
ture with a corresponding outflow of the 
intracellular organelles together with dila- 
tation or segmental enlargement of various 


segments of the endoplasmic reticulum was 
explained by Goldfeder as an actual physi- 
cal change produced in limiting plasma 
membranes by the impact of ionizing 
radiation. The chief criticism of this work 
at the time was the fact that such changes 
as were demonstrated and attributed to the 
effect of ionizing radiation could not, in 
fact, be differentiated from traumatic 
effects produced by the ordinary method of 
cell fixation and staining in preparation 
for electron microscopy. 

Alexander, more recently, expressed the 
opinion that while damage to DNA prob 
ably played an important role in the repro- 
ductive type of cell death following irradia- 
tion, this effect conceivably might not be 
the most important one leading to cell 
death. He, too, was of the opinion that 
damage to intracellular permeability bar- 
rers constituted an important primary 
effect of radiant energy. He found, for ex- 
ample, that with leukemia cells, release of 
ribonuclease activity in the nucleus can be 
observed within 5 minutes after coo г has 
been given in сито and that this constitutes 
perhaps the ‘earliest biochemical lesion 
seen in dividing cells after exposure to 
roentgen rays. He further pointed out that 
extremely radioresistant micrococci have 
apparently the same DNA complement as 
more radiosensitive bacteria, so that dam- 
age to the DNA-replicating system is prob- 
ably not the réason for the radiosensitivity 
of the microorganism. He said further that 
the plasma membranes are probably more 
logically indicated as a site of radiation 
damage, because it can be shown that neither 
cysteamine nor iodoacetamide diffuse into 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


952 


Vou. 94, No. 4 


the interior of cells under conditions where- 
in they give rise to protection or marked 
sensitization, respectively. 

Along these lines, it is the purpose of this 
paper to report on similar observable 
changes in the limiting plasma membranes 
produced by radiation in the intact living 
and metabolizing supravitally stained cell. 
The changes to be described are dynamic 
structural ones constantly changing with 
time, which can be fully appreciated only 
by close observation with a light micro- 
scope using magnifications of Х97о to 
Х 1,460 over a period of several hours or 
even days. To obviate extraneous influences 
and to standardize conditions as much as 
possible, the bulk of this work has been 
carried out with mouse sarcoma 180 cells 
in their native ascitic fluid or human leu- 
kemia cells with only edathamil (EDTA) 
added to the blood sample. Occasionally, 
human carcinosarcoma or reticulum cell 
sarcoma cells in their native ascitic or 
pleural fluid have been used, and, as an 
example of normal nonmalignant cells, 
buccal or vaginal squamous cells in § per 
cent dextrose solution have been employed. 

In wet drop preparations, after suitable 
supravital staining, mainly with Janus 
green B, the effects of radiant energy on 
intact living mammalian cells have been 
studied and classified in 2 main groups: (1) 
changes produced in limiting plasma mem- 
branes, the outer cellular membrane, mem- 
branes of the various cytoplasmic vesicles, 
and the limiting nuclear and nucleolar 
membranes; and (2) changes produced in 
the ability of the cell to metabolize the dark 
blue-green stain of Janus green B, originally 
taken up in the cytoplasmic vesicles, 
through a normal degradation process 
whereby the stain is changed to a bright- 
red coloration which diffusely and uni- 
formly spreads throughout the entire cyto- 
plasm of the cell, then to a lesser pink 
coloration, and finally to a completely 
colorless phase. The time factor in both 
these groups of changes is most important 
and it is essential to follow closely the 
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dynamic changes produced in the wet drop 
preparations over the course of many 
hours. 

It must be stressed from the outset that 
the structural changes observed in the 
various plasma membranes and the color 
changes observed in the metabolism of the 
supravital dye are not characteristic of 
irradiation alone. At any given moment, 
depending on the age and vitality of the 
cells studied, the pH of the medium em- 
ployed, whether the cells are in a saline, 
buffered or glucose medium, and many 
other variables, there are always a few cells 
in various stages of cell death with changes 
similar to those described as radiation- 
induced. Other modalities of cellular death, 
including various cytotoxins, heavy metal 
poisons, chemotherapeutic agents, and 
normal cell death from anoxia and drying 
of the cell preparation, can produce changes 
in lesser or greater degree which mimic 
radiation-induced changes to a remarkable 
extent. It is only by constant comparison 
against unirradiated controls prepared in 
exactly the same manner that the observer 
can be assured that the changes seen are, in 
fact, due to the impact of ionizing radiation. 
No attempt has been made to quantitate 
numerically the changes observed, as they 
represent a broad spectrum of responses 
which the author has found impossible to 
express numerically. The changes observed 
are dose-dependent only in the very 
broadest sense. Marked morphologic altera- 
tions usually seen in great numbers at 
higher dose levels can be seen in a few cells 
at lower dose levels and, conversely, even 
maximal dose levels may leave some cells 
unscathed or with minor changes, usually 
thought characteristic of low dose levels. 

Cells are usually studied in their native 
ascitic or pleural fluid to minimize extran- 
eous influences. EDTA is added to prevent 
coagulation, and a wet drop preparation is 
prepared and stained with 0.5 to 1 per cent 
solution of Janus green B. Observations are 
serially made with an ordinary binocular 
microscope under oil immersion at a magni- 
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Fic. 1. (а) Hematoxylin and eosin preparation of mouse sarcoma 180. (2) Supravitally stained (Janus green 
B) sarcoma 180 showing early uptake of stain in cytoplasmic vesicles. (c) After conversion of phase shown in 
д to diffuse red coloration phase. (d) After conversion of phase shown in с to completely colorless phase. 


fication of X97o. Photomicrographs were 
taken at magnifications of X1,455, using 
Kodachrome II with exposure times of 2 to 
1 second. It is obvious that in using such 
high degrees of magnification there 1s little 
or no depth of focus, and with the cells in 
fluid suspension, only a small central point 
of interest can be in focus, contrary to the 
usual medical photomicrograph which is 
sharp from edge to edge. 

While manv different types of supravital 
dves or stains have been tried, the dye 
Janus green B has been found most satis- 
factory for the studies here made. This dye, 
which is diethylsafranine-azo-dimethylani- 
line, is thought to be a selective stain for 
mitochondria. It has long been known that 
the Janus green originally taken up pri- 
marily in cytoplasmic vesicles in a dark- 
blue or blue-green color is rapidly con- 
verted by the intact healthy metabolizing 
cell through a series of oxidative processes 
into a red coloration which spreads dif- 
fusely and uniformly throughout the cyto- 
plasm and eventually is metabolized to a 
completely colorless state. The production 


of the pink color from the Janus green by 
mitochondria is now thought to be due to 
DPN (diphosphopyridine nucleotide )-spe- 
cific dehydrogenases.’ Interference by radia- 
tion in the ability of the normally metabo- 
lizing cell to oxidize this dye through to its 
colorless state will be shown later. Unfor- 
tunately, these color changes cannot be 
fully appreciated in the black-and-white 
illustrations whjch follow. 

Figure 14 illustrates the paucity of cy to- 
plasmic detail seen in the ordinary hema- 
toxylin and eosin stain of the mouse sar- 
coma 180 cell and, by way of comparison, 
the much more informative cytoplasmic 
detail noted in the supravitally stained and 
intact sarcoma 180 cell as shown in Figure 
1, 2, c and а. Figure 14 illustrates the pre- 
liminary pickup of the dve in the cvto- 
plasmic vesicles which are colored a rich 
dark blue-green against a light blue-green 
background of more general cytoplasmic 
staining. Figure tc illustrates the diffusion 
of the blue-green dye out of the cytoplasmic 
vesicles and its conversion to a bright red 
cytoplasmic coloration, most of which is 
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unfortunately lost in. black-and-white re- 
production, and Figure 124 represents the 
final colorless state of the cell after complete 
degradation of the dye. 


Dynamic changes in the integrity of 


various plasma membranes in the cell, pro- 
gressive in time, can be categorized in 4 
main types: (1) changes produced in the 
limiting outer cell membrane leading to 


bubbling, 


stainable cytoplasmic organelles; (2) 
changes in the cytoplasmic vacuoles leading 
to either enlargement of vacuoles with en- 
trapment in the cytoplasm or (3) extrusion 
of these altered vesicles through the outer 
cell membrane into the surrounding me- 
dium; and (4) changes in the nuclear and 
nucleolar membranes leading to enlarge- 
ment of the nucleus itself with vesiculation 
produced in the nuclear infrastructure and 
vesiculation produced within the nucleolus 
itself. 

The actual structure of the limiting 
plasma membranes has a uniform pattern, 
and, in fact, seems to be universal in all 
living systems. Membrane systems gen- 
erally show the same features: two protein 
membranes separated by a space thought 
to be a bimolecular double-layer phospho- 
lipid. The membrane is very thin, only 79 
to 100 А. thick, but it shows up dlearly in 
electron hiceogeaphe of sections of fixed 
cells as a thin dense double line. Damage to 
this double-protein-layer membrane with a 
phospholipid interface and the dynamic 





116. 2. Ballooning of outer cellular membrane, inter- 
vening space being filled with red-colored cyto- 
plasmic material. 


ballooning, and vesiculation of 
the outer membrane with or without loss of 


Effect of Irradiation on the Mammalian Cell 955 


changes which follow this damage are 
thought to constitute the chief mechanism 
of interphase cellular damage following ir- 
radiation. Once the integrity of one or both 
of the protein layers is breeched by radiant 
energy, either by actual physical breaking 
of the poly peptide leakage or as a result of 
interference in the function of natural polar 
pores occurring in this protein lining, the 
osmotic equilibrium of the organelle is 
disturbed, fluid is imbibed and the organelle 
swells, presumably because of the elasticity 
of the phospholipid interface. 


CHANGES IN THE OUTER LIMITING 
CELL MEMBRANE 


The earliest and most easily discernible 
structural changes following irradiation 
are those produced in the outer limiting 
cell membrane. Very early, and the time 
interval is somewhat dependent on the dose 
of irradiation given, there is an apparent 
ballooning of the outermost layer of the 
peripheral cell membrane. Whether this en- 
largement comprises the entirety of the 
outer cell membrane or merely separation 
at the phospholipoid interface is not cer- 
tain. There should be only a single cell 
membrane, but after ballooning of this 
membrane the cytoplasmic periphery is 
noted to be intact (Fig. 2) and unchanged 
so that it is evident that there is some re- 
straining force to the outflow of the cvto- 
plasmic content at this stage. It may be 
that this inner restraining membrane is 
analogous to the protoplast membrane 
seen when the rigid outer cell membrane 
Is stripped from bacteria or to the limiting 
membrane seen in PPLO (pleuropneu- 
monia-like) or L forms of bacteria without 
rigid outer cell walls. As ballooning pro- 
gresses, 1t seldom if ever remains svm- 
metrical; instead, very shortly small bub- 
bles appear on the outer membrane, which 
sometimes swells to enormous proportions 
before either separating or rupturing (Fig. 
| 

When the outermost of the limiting cell 
membranes alone is disturbed, the content 
of the enlarged bubble appearing in the cell 





Fic. 3. Ballooning and bubbling of outer cellular 
membrane after irradiation. Content of bubble 15 
colorless at this stage. 


surface contains a clear colorless fluid with- 
out any internal morphology. However, 
when the inner of the two limiting mem- 
branes is breeched, there is seen a rapid out- 
pouring of blue (Fig. 4) or red (Fig. 5)- 
staining. cvtoplasmic Атк into 
the outer balloon, depending on the phase 
of the dye conversion. These microparticles 
do not show clearly on photomicrographs 
as they are invariably in rapid brownian 
motion and are manifested in the photo- 
micrographs only by a light dusty dis- 
coloration of the membrane bubbles. Oc- 
casionally, secretory cytoplasmic vesicles 
are extruded into the outer bubbles on the 
limiting cell membrane where they immedi- 
ately start to swell, giving the appearance 
of bubbles within bubbles such as is seen in 
Figure 6, а and 2. These bubbles, if watched 
long enough, are seen to eventually sepa- 
rate and float off into the surrounding 
medium as intact spheres which presum- 
ably eventually rupture and disperse their 





Fic. 4. Ballooning of outer cellular membrane. Con- 
tent of bubble consists of blue-stained cytoplasmic 


microparticles in rapid brownian motion. 


Paul W. Scanlon 


AUGUST, 1965 


w 





Fic. 5. Multiple smaller bubbles originating from 
outer cellular membrane, the content of which 15 
diffusely red-stained cytoplasm. 


cytoplasmic content (Fig. 7). Occasionally, 
and presumably where the break in the 
outer limiting membrane is less marked, 
instead of actual bubble formation there 1s 
a wormlike or fingerlike projection seen to 
emerge from the outer limiting membrane, 
many times led by a small cytoplasmic 
vesicle (Fig. 8 and 9). Such a projection 
sometimes reaches a length many times the 
diameter of the cell before eventual separa- 
tion of the leading secretorv vesicle. In fact, 
this is a rather characteristic pattern as- 
sumed when anv of the cytoplasmic vesi- 





Fic. 6. (a and 2) Examples of outer cellular mem- 
brane bubbles which contain rapidly expanding 
cytoplasmic vesicles. 
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Fic. 7. Membrane bubbles containing red-colored 
cytoplasmic contents which have separated from 
cell. 


cles leave the cell. They invariably leave on 
à pedicle or stalk formation and once sepa- 
rated leave a collapsed frondlike pedicle ex- 
truding from the peripheral cell membrane. 
Cells with a frondlike periphery, and this 
is characteristic of many tvpes of malignant 
cells, are those which have extruded a large 
component of their cvtoplasmic vesicles. 
This observation of the egress of much of 
cytoplasmic content through breaks pro- 
duced in the outer limiting membrane 
raises the question whether the decreased 
levels of DNA and RNA observed after 
irradiation might not be the result of actual 
physical loss of these substances into the 
surrounding medium rather than any sup- 
pression of their formation induced bv ir- 
radiation. 


CHANGES PRODUCED IN SECRETORY 
CYTOPLASMIC VESICLES 


secretorv cytoplasmic vesicles form a 
most prominent part in the morphology of 
the intact supravitally stained cell. Very 
comprehensively studied and described by 
Арне! and Baker, these refractive cyto- 
plasmic bodies, 0.3 and 0.8 u in diameter, 
can be seen in normal cells but are found in 
much greater numbers in malignant cells. 
They are apparently lipidic in nature, con- 
tain phosphatids, and probably have a very 
thin protein coating. Their exact function 
is unknown but they are thought by some 
to be part of the Golgi secretory apparatus." 
These cytoplasmic vesicles appear verv 
similar to the secretorv vesicles seen in 
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lic. t. Cytoplasmic vesicle extruded from 
cell membrane on a pedicle. 


amoebae which selectively concentrate the 
supravital dye in the first observable up- 
take of dye within the cell. Protein reac- 
tants such as weak acids or 10 per cent 
potassium cyanide are found to break the 
protein Jackets of these vesicles, allowing 
immediate swelling. The swelling of these 
secretory cytoplasmic vesicles noted fol- 
lowing irradiation (Fig. 10) is assumed to 
be due to actual physical breaks in their 
protein Jackets produced by ionizing radia- 
tion with a rapid imbibing of fluid. It can 
be seen that the cvtoplasmic vesicles can 
swell to enormous size before either rupture 
or liberation from the cell (Fig. 11). They 
may or may not contain supravital dve, 
dependirg on the stage of metabolism of the 
cell, although they are usually colorless. 
This swelling of the cytoplasmic vesicles is 
thought to be the basis for the cytoplasmic 
vacuolization characteristically noted in 
irradiated cells fixed and stained in the 
usual manner. Figure 124 demonstrates the 





Fic. 9. Chronic myelogenous leukemia cells after 
5,000 r in various stages of cellular membrane 
bubbling, distortion and cellular disintegration. 
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Fic. 10. Beginning enlargement of cytoplasmic 
vesicles of sarcoma 180 cell. 


cytoplasmic vacuolization found in a supra- 
vitally stained squamous cell after a dose 
of 2,400 r in a patient with squamous cell 
epithelioma of the external auditory canal, 
and Figure 122 shows the vacuolization 
seen in a buccal squamous cell after a dose 
of approximately 3,000 r in a patient with 
carcinoma of the base of the tongue. This 
phenomenon is undoubtedlv identical to 
the vacuolization noted in the cytoplasm of 
irradiated vaginal squamous cells and 
which is important in the evaluation of the 
"radiation response" described by Graham 
and co-workers (Fig. 13). 


DISCHARGE OF CYTOPLASMIC VESICLES 
FOLLOWING IRRADIATION 


In addition to the enlargement and en- 
trapment of cytoplasmic vesicles within the 
substance of the cytoplasmic confines, per- 
haps an even more common and character- 
istic change is noted in the early discharge 
of these cytoplasmic vesicles through the 
cell membrane into the surrounding me- 
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Fic. 11. Marked enlargement of a single 
cytoplasmic vesicle. 
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l'1G. 12. (a and 6) Squamous cells with radiation- 
induced cytoplasmic vacuolization. 


dium as seen in Figure 14. As noted previ- 
ously, these cytoplasmic vesicles on emerg- 
ing from the cell either rupture in the sur- 
rounding fluid and disappear or persist for 
a time, intact in the surrounding fluid 
medium (Fig. 7). 


CHANGES IN RAPIDITY OF UPTAKE 
OF SUPRAVITAL DYES 


The rapiditv with which cytoplasmic 





Fic. 15. Radiation response (X 1,000) showing large 
vacuoles in cytoplasm. (From: Оканам, J. B., 
Sorro, L. S. J., and Parovcrek, F. P. Carcinoma 
of the Cervix. W. B. Saunders Company, Phila- 
delphia, 1962, pp. 184-185. Courtesy of the pub- 
lisher. ) 
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[1с..14. Enlarging cytoplasmic vesicles in process 
of extrusion through cell membrane. 


vesicles absorb supravital stains depends 
in large measure on the integrity of the 
involved plasma membranes and their state 
of vitalitv at the time of application of the 
dve. Devitalized cells, whether as the re- 
sult of aging, trauma, anoxia or cellular 
toxins of various sorts, take up the dve 
with considerably greater avidity than do 
normal cells and this is first seen as a collec- 
tion of the dye within the larger, more pe- 
ripheral of the cytoplasmic vesicles. Im- 
mediately after irradiation in dosage of 
2,500 to 5,000 r the cytoplasmic vesicles of 
sarcoma 180 cells can be seen to take up 
Janus green B with considerably more 
avidity than unirradiated controls. This 
effect is rather more apparent in slightly 
aged cells, 2 to 4 days old, where the con- 
version of the supravital dye through its 
color phases is slightly slowed down, taking 
up to several hours, in contrast to extremely 
fresh cells where the entire conversion 
takes place in} to 1 hour. This phenomenon 
is assumed to be due to actual physical 
breeching of the integrity of the plasma 
membranes of these vesicles with a re- 
sultant increased porosity and a passive 
rather than an active transport of the dye 
across the membranes involved. The 
changes produced bv irradiation, however, 
are much more subtle than those produced 
by more noxious cellular toxins and poisons 
such as the chemotherapeutic agents and 
heavy metal poisons. Again, it must be 
emphasized that these changes are not 
quantitative except in a very broad sense. 
At any given moment in any given cell 
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preparation, there are always devitalized 
aged cells which can mimic the changes de- 
scribed. It is only in the comparison ot 
many irradiated specimens against normal 
controls that one can say with any assur- 
ance that irradiation does, in fact, increase 
the porosity of the plasma membranes 
leading to a more rapid uptake of the dve 
in the cytoplasmic vesicles. 


CHANGES IN THE ABILITY OF THE CELL 
TO METABOLIZE JANUS GREEN B 

After the normal, intact, fresh, actively 
metabolizing cell initially takes up Janus 
green B in the larger of the cytoplasmic 
secretory vesicles, under ordinary circum- 
stances within the space of a few hours, 
the dark-blue or blue-green coloration in 
the secretory vesicles diffuses out of the 
vesicles where it is actively metabolized 
presumably by the mitochondria so as to 
produce a homogeneous diffuse red and, or 
pink coloration of the entire cytoplasm. 
Eventually, this red coloration 1s degraded 
through a pink color to a completelv color- 
less state in the normal cell. It was early 
noted, however, that cells around the 
periphery of the cover-slip preparation or 
those cells around entrapped air bubbles in 
the center part of the preparation, instead 
of going through this degradation from 
dark blue-green through red to colorless, 
maintain the dark blue-green coloration 
within the larger cvtoplasmic vesicles for 
an indefinite period. In certain instances 
this maintenance of coloration within the 
larger of the cytoplasmic vesicles 15 соп- 
tinued until the death of the cell; in other 
instances there is much more retarded con- 
version through the pink to the colorless 
form. Access to oxygen is thought to 
supply sufficient hydroxy radicals to neu- 
tralize the effect of the acid hydrolysates 
which have to do with the metabolism of 
this supravital dye. Irradiation has a much 
less pronounced and more subtle effect 
along the same line, again perhaps by its 
production of hydroxy radicals and the 
neutralization of the acid hydrolysates re- 
sponsible for the conversion of this dye or 
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Fic, 15. Persistence of supravital dye 
within cytoplasmic vesicles. 


possibly by simple enzyme deactivation. 
Hydrogen peroxide in the same concentra- 
tion as 1s currently being used to increase 
the effect of clinical radiotherapy also 
maximally retards the color degradation of 
Janus green. Figure 15 demonstrates the 
persistence of the blue-green coloration of 
the dye in the cytoplasmic vesicles 20 
hours after a dose of 2,500 r, many hours 
after the unirradiated cell would have con- 
verted the dye to a completely colorless 
phase. Figure 16 illustrates a partially ar- 
rested conversion of the dye 24 hours after 
a dose of 5,000 r. There is persistence of 
the dye within the cytoplasmic vesicles 
albeit with some degradation of the dye to 
produce a diffuse red coloration of the cyto- 
plasmic background. It is thus apparent 
that many factors including irradiation, 
access to a supply of oxygen, chemothera- 
peutic agents, weak bases, heavy metal 
poisoning and even aging or anoxia of these 
cells will bring a complete or partial halt 





FiG. 16. Persistence of supravital dye within cyto- 
plasmic vesicles but with some conversion to red 
coloration phase. 
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of the metabolism of Janus green B to its 
colorless phase. Whether this is due to 
enzyme deactivation bv the various agents 
mentioned or the production of hvdroxv 
radicals which neutralize the acid hydroly- 
sates normally contained in the cytoplasmic 
lysosomes or whether it represents a general 
suppression in the active metabolism of the 
cellis not known and can be only postulated 
at this time. 

In addition to the metabolic changes 
noted in the ability of the cell to metabo- 
lize this dye, there are actual structural 
changes which occur in the dye-containing 
vesicles which I have called vesicular stain 
and vesicular rupture. The processes are 
probably quite similar and the difference 
between the two probably has to do with 
the rapidity with which the dve is suddenly 
liberated into surrounding cytoplasm. With 
a sudden complete rupture of the secretory 
dve-containing vesicles, there is immediate 
liberation of the contents of the vesicle 
with crystallization of the dve in a star- 
burst pattern (Fig. 17). This is distinguish- 
able from the slower gradual leaking of the 
dve through the walls of the vesicles into 
the surrounding cytoplasm such as to pro- 
duce a more homogeneous staining effect in 
the immediate vicinity of the ruptured 
vesicles (Fig. 18). The majority of cells 
which exhibit either. vesicular rupture or 
vesicular stain effect usually have a com- 
bination of both (Fig. 19). The higher the 
dose of radiation or the more potent the 
chemotherapeutic agent or the more toxic 
the heavy metal emploved, the more likelv 





liG. 17. Vesicular rupture with crystallization 
of dye in a star-burst pattern. 
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Fic. 18. Vesicular stain effect. 


one is to see the star-burst formation indi- 
cating complete and sudden dissolution of 
the integritv of the dve-containing vesicle. 
Converselv, the less the dose of radiation 
and the more innocuous the chemothera- 
peutic agent or poison emploved, the more 
likely one is to observe the vesicular stain 
effect. I think that unquestionably these 
changes can be explained only by physical 
loss of continuity of the vesicular wall, pro- 
duced by the various agents mentioned. 


NUCLEAR AND NUCLEOLAR CHANGES 


These changes have been left to the last 
because they constitute a combination of 
the structural changes mentioned above, 
namely, enlargement of the nucleus and 
nucleolus together with an early acceptance 
of stain by the injured nucleus. In the nor- 
mal cell the nucleus is one of the last struc- 
tures to accept supravital stain. In most 
instances, with healthv fresh cells, the 
cytoplasm may go through the entire cycle 
of conversion of the Janus green B without 
any stain whatever being accepted by the 
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Fic. 19. Combination of vesicular stain 
and vesicular rupture. 
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Fic. 20. Enlarged nucleus of an irradiated sarcoma 
180 cell showing nuclear infrastructure with 
early penetration of supravital stain. 


nucleus, depending on the concentration of 
the stain employed. 

However, when the structural integrity of 
the nucleus is affected for any reason, and 
this is especially apparent in old, aged, or 
anoxic cells, the nucleus readily accepts 
stain, many times in a preferential fashion 
over and above acceptance by the cyto- 
plasm. This nuclear stain, however, is not 
uniform throughout the entire nucleus. 
Instead, a definite nuclear morphology be- 
comes apparent in the form of canalicull 
and lacunae distributed throughout the 
nuclear sap. These canals and lacunae be- 
come filled with the dve as illustrated in 
Figures 20 and 21. This configuration 1s 
thought to be a much more accurate repre- 
sentation of nuclear morphology than is 
obtained in the ordinarily fixed and stained 
cell. It should be noted that in every in- 
stance the enlarged lacuna or nucleolus 18 
attached to the nuclear wall by a fine 
reticular network. 





Fic. 21. Dividing nucleus of an irradiated sarcoma 
180 cell with early acceptance of supravital stain. 





lic. 22. Chronic myelogenous leukemia cells. (а) 
Unirradiated cells. (4) Irradiated cells (2,500 г) 
with nuclear enlargement. (c) Irradiated cells 
(2,500 r) with nuclear enlargement, membrane 
dissolution and fragmentation. 


The coloration produced by dye accept- 
ance in the injured nucleus incident to ir- 
radiation or other toxic agent is prin- 
cipally a function of time. Constant com- 
parison to normal controls must be followed 
throughout the entire period of observa- 
tion. Ín general, and again dependent on 
the dose of irradiation emploved, the nu- 
cleus of an irradiated cell is seen to accept 
supravital dve staining much more quickly 
than does the normal cell. At the same time, 
there is usually a concomitant over-all nu- 
clear enlargement, many times so pro- 
nounced that the enlarged nucleus gives the 
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appearance of filling almost the entire cell 
(Fig. 22, a, b and с). This phenomenon is 
especially well seen in chronic leukemic 
cells, whereas the earlier takeup of the 
supravital dye by an injured nucleus is 
better demonstrated in the nucleus of the 
sarcoma 180 cell. In addition to the earlier 
acceptance of the dve and the over-all 
gross enlargement of the nucleus, there 
can, In many instances, be seen an active 
vesiculation produced in the lacunae within 
the nuclear substructure and also within the 
nucleolus (Fig. 23). It is assumed that this 
vesiculation has the same basis as the 
much larger vesicles produced in the cvto- 
plasm, namelv, a physical rupture of the 
protein Jackets of the various subcellular 
organelles. 

Finally, the most drastic of the cellular 
changes following irradiation апа prob- 
ably the one most often thought of as 
tvpical of the changes induced by radiation 
is that of complete cellular fragmentation 
and dissolution. Figure 22, # and с demon- 
strates the effect on chronic mvelogenous 
leukemia cells immediately after the ad- 
ministration of 2,500 г. It can be noted that 
these cells which have gone through their 
dve-metabolism stage very rapidly have in 
many instances completely disrupted. This 
disruption, incidentally, is much more 
marked within clumps of cells. Those cells 
left on the periphery remain essentially 
intact and 1t 15 assumed that the cellular 
disruption incident to irradiation is, in 
large part, due to the concentrated effect of 
extravasated acid hvdrolvsates liberated in 





lic. 23. Enlarged nucleus of an irradiated sarcoma 
180 cell showing nucleolar vacuolization. 
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the process of cell dissolution in which 
there is a cumulative effect in the interior of 
cell clumps. 


SUMMARY 


It is believed that the changes described 
herein are in the main changes produced bv 
interruption in the integrity of limiting 
plasma membranes-—both the outer limit- 
ing membranes and those of the cyto- 
plasmic vesicles and nuclear structures pro- 
duced as a result of phvsical damage inci- 
dent to the application of radiant energy. 
These changes are all dvnamic structural 
changes which can be seen onlv in the in- 
tact supravitally stained cell studied over 
a period of time under the light microscope. 
Itis thought that in the process of ordinary 
fixation and stuning the subtle plasma- 
membrane changes described herein are 
destroyed and are not readilv apparent. It 
is obvious that much more work needs to 


be done with the supravital staining of 


malignant cells to define more clearly the 
process of radiation damage. Certain it 1s 
that the colorful metabolic changes pro- 
duced by the conversion of certain supra- 
vital dyes could never be appreciated either 
from the study of fixed cells viewed under 
the light microscope or cells prepared for 
the electron microscope. It is entirely pos- 
sible that many other supravital dyes with 
which the author has not had experience 
could be equally or more helpful in the 
study of the metabolic activity of mam- 
malian cells and it is hoped that further 
work will elucidate these. In recent work 
the use of a combination of Janus green B 
and toluidine blue, the latter for nuclear 
detail, has proven more informative than 
the use of either alone. One of the greatest 
assets of such study is the ease with which 
cells can be obtained, stained and observed. 
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Most of the morphologic studies carried 
out to dete using conventional staining 
methods represent a single slice in time, 
which, pertinent though they may be, do 


not represent the continuing dynamic 
changes that are much more readily ap- 


parent in studies using intact supravitally 
stained cells. It is true that the supravital 
stains are cytotoxic and poisonous to a 
degree to the metabolism of normal cells, 
but they have the advantage usually of 
being very slow poisoners so that, by con- 
stant comparison against normal controls, 
this effect can be minimized. Further, such 
studv allows tor easv comparison between 
the lethal effects of irradiation апа the 
somewhat similar effects produced by other 

causes of cell death. It is hoped that the 
changes described will lend some support 

to the plasma-mem brane- disruption theory 
or enzyme--elease hypothesis of interphase 
radiation Camage. 


Mayo Clinic 
Rochester, Minnesota 
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THE RESPONSE OF THE OLFACTORY EPITHELIUM OF 
THE ADULT AXOLOTL (SIREDON MEXICANUM) 
TO ROENTGEN IRRADIATION* 


By V. V. BRUNST, D.Sc. 


BUFFALO, NEW YORK 


REVIOUSLY reported work compar- 

ing the effects of roentgen irradiation on 
the tissues of young and adult axolotls!! has 
been extended in the present investigation. 
This study was designed to compare the 
effects of local roentgen irradiation on the 
olfactory chambers, particularly on the cl- 
factory epithelium, in adult axolotls and in 
young axolotls. Previous investigations??? 
have shown considerable differences be- 
tween adult and young animals in the re- 
sponses of various types of tissue to radia- 
tion. 

Olfactory epithelium is epithelium of a 
specialized type, derived from skin epi- 
thelium and closely associated with it. 
That being the case, some attention should 
be given here to the response of the skin epi- 
thelium of axolotls to roentgen irradiation. 

The most typical change in the skin epi- 
thelium in young axolotls® is the develop- 
ment of what is known as giant-cell degen- 
erating epithelium. This type of epithelium 
is characterized by the development of 
maximally large giant cells with giant 
nuclei, the formation of both large and 
small vacuoles in the cytoplasm of epi- 
thelial cells, an extremely uneven outer 
surface on the epithelium, the protrusion of 
individual giant cells from the outer sur- 
face, the formation of deep cracks and 
spaces between epithelial cells, and com- 
plete separation of some giant cells and cell 
complexes. 

The response of the skin epithelium in 
adult axolotls is very different.? Giant-cell 
degenerating epithelium does not develop 
in adult axolotls. After very large doses of 
radiation, the epithelium may become 


atypical, containing cells with large nuclei, 
and no Leydig cells; but there are no actual 
giant cells. In some areas, the size of the 
nuclei may be normal. In other areas, how- 
ever, the epithelium may be transformed 
into homogeneous tissue, without nuclei or 
cell borders. 

The corneal epithelium is also derived 
from the skin epithelium, and is even more 
closely associated with it than is the ol- 
factory epithelium. On comparing the 
effects of roentgen radiation on the cornea 
in adult axolotls with those in young axo- 
10418,91 it is obvious that some phenomena 
typical of the response of the young animals 
are not observed in the adults. For exam- 
ple, the irradiated cornea in the young 
axolotl is characterized by a highly uneven 
outer surface, and by the development of 
isolated projections consisting of separate 
epithelial cells, and the formation of ab- 
normal outgrowths consisting of groups of 
several epithelial cells. The irradiated 
cornea in the adult axolotl, however, is 
characterized. by a much less uneven outer 
surface, and the formation of isolated pro- 
jections and outgrowths is never observed 
after irradiation of the adult cornea. 

On the other hand, the formation of Ley- 
dig cells and pigment cells in the irradiated 
cornea is observed in both young and adult 
axolotls. Furthermore, melanophores and 
blood vessels develop in the substantia 
propria of the irradiated cornea in the 
adults, but notin the young animals. Under 
the circumstances, it is reasonable to expect 
the response of the olfactory epithelium to 
roentgen irradiation to be different in young 
and adult axolotls. 


* From the Laboratory of Radiobiology, Roswell Park Memorial Institute (New York State Department of Health). 
This investigation was supported by Grant CÁ-05579-04 from the United States Public Health Service. 
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MATERIALS AND METHODS 

In the present investigation, 75 adult 
axolotls (Siredon mexicanum), 4 to $ years 
old, were used. The anterior portion of the 
head was irradiated with 1,000 r in 10 ani- 
mals, 3,000 r in 20, 6,000 r in то, 8,000 r in 
10, and 10,000 r 1n 20; § animals served as 
untreated controls. Irradiation conditions 
were as follows: 250 kv., 30 ma., 0.25 mm. 
Al filter, beryllium window tube; half- 
value layer 1.0 mm. Al; 465 r/min. in air; 
target-to-object distance, 30 ст. 

During irradiation, the animals were not 
anesthetized, but were kept under restraint 
by means of elastic bandages. The region of 
the gills was covered with a thin laver of 
moist cotton held in place with an elastic 
bandage. The animals were placed on a 
piece of cardboard covered with waxed 
paper and several lavers of moistened filter 
paper. Body areas not to be irradiated were 
shielded with a lead covering made from a 
sheet of lead 4 mm. thick, with a round 
radiation localizer 6,5 cm. in diameter.? 
During irradiation, the animals were ar- 
ranged in radial positions within a circle. 
Immediatelv after irradiation, the animals 
were put into water. 

For histologic studies, animals were 
sacrificed, and tissues were fixed in Stieve’s 
acetic mercuric chloride formalin.!8 Speci- 
mens were embedded in paraffin containing 
5 per cent beeswax, and were sectioned at 
8 д. The sections were stained with Ehr- 
lich’s hematoxylin and eosin, and photo- 
micrographs were made under small 
(X170) and large ($70) magnifications. 


NORMAL OLFACTORY CHAMBERS IN 
THE ADULT AXOLOTL 

The olfactory chambers are large organs 
that take up considerable space in the an- 
terlor portion of the head of the normal 
adult axolotl. The large interior cavities of 
the olfactorv chambers are connected 
through the nostrils to the water of the ex- 
terior environment. Most of the interior 
surface of the olfactory chambers is 
covered with a specialized and sensitive 


~ 


type of epithelium, the olfactory epithe- 
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lium. This type of epithelium has a charac- 
teristic structure, and includes many sensi- 
tive buds of various sizes (Fig. 2 and 3). 
The olfactory sensitive buds are modifica- 
tions of the cutaneous sensitive buds dis- 
tributed in some regions of the skin. Thev 
have a rich nerve supply. 

The olfactory epithelium is stratified, 
columnar, and ciliated. In this kind of epi- 
thelium, it is typical for the most proximal 
(basal) lavers to have round nuclei, the less 
proximal to have an intermediate tvpe of 
nuclei, the several more distal lavers to 
have nuclei that are comparatively large 
and elongated, and the most distal portion 
to be almost without nuclei. In this last 
"anucleate" portion, usually only a few iso- 
lated nuciei can be observed (Fig. 1-3). 
Ordinarily the distal portion of an olfactory 
bud is much narrower than the basal, and 
the cilia-covered distal surface facing the 
interior ог the olfactory chamber is con- 
cave (Fig. 1—3). 

Usually, each olfactorv sensitive bud is 
separated from neighboring buds by septa. 
These sep:a consist of loose connective tis- 
sue with many blood vessels, especiallv 
capillaries, and pigment cells (Fig. 2 and 3). 
Very typical is the epithelium that covers 
the distal portion of the septa. This is inter- 
stitial epizhelium, which is verv different 
from the olfactory epithelium of the sensi- 
tive buds. The interstitial epithelium is also 
stratified, but it consists of large cells with 
large nuclei (Fig. 2, 3 and $). 


EFFECTS OF IRRADIATION 


For realistic evaluation of the effects of 
irradiation, it is necessary to take into con- 
sideration the major variations that occur 
in the response of the epithelium of the ol- 
factory chambers. Such variations were ob- 
served in all cases, even after irradiation 
with the largest dose, 10,000 г. Various de- 
grees of damage were observed not only in 
different animals irradiated with the same 
dose, but even in the same olfactory cham- 
ber. In a single irradiated olfactory cham- 
ber, it was possible to find normal epi- 
thelium, slightly damaged epithelium, and 
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very seriously damaged epithelium. This 
was highly typical, even after irradiation 
with maximum doses. 

1,000 r. After irradiation with 1,000 r, 
definite changes in the irradiated olfactory 
chambers were not detectable. Grossly, the 
olfactory epithelium appeared normal (Fig. 
4). 

3,000 r. In many instances, the olfactory 
epithelium had a completely normal ap- 
pearance after irradiation with 3,000 r. This 
was the case not only a short time after 
irradiation (Fig. 6), but also 76 davs after 
(Fig. 8), and even 104 davs after (Fig. 9). It 
is difficult, however, to explain the ab- 
normal appearance of the interstitial epi- 
thelium 7 davs after irradiation (Fig. 6). 
The cells have slightly enlarged nuclei (Fig. 

7). It is possible that this development is a 
variation not connected with the radiation 
effect. 

Slightly damaged olfactory epithelium 
was characterized by changes that occurred 
mostly in the distal portions (Fig. 10). Cell 


«m 
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boundaries disappeared in many places, 

and the distal portion of the epithelium, 
which is usually almost without nuclei 
(Fig. 6, 8 and 9), was greatly reduced (Fig. 
10); 

Seriously damaged olfactory epithelium 
was characterized by complete disorganiza- 
tion of all lavers and by com plete absence 
of the distal "anucleate' portion. Typical 
interstitial epithelium was not visible (Fig. 
LI). 

Various responses to irradiation. with 
3,000 г of the olfactory epithelium are illus- 
trated in the case of an animal fixed 89 days 
after irradiation. (Fig. 12-16). All of the 
photomicrographs involved are of sections 
of the same olfactory chamber. In some 
places the olfactory epithelium is normal, 
and in others it is onlv slightly damaged. 
There may be damage to the cytoplasm in 
the distal portions of the olfactorv cells, 
with the appearance of many spaces and 
vacuoles (Fig. 12 and 14). In other places, 
the cell layers of the olfactory epithelium 


Fic. 1-5. The normal olfactory epithelium of adult axolotl and the olfactory chamber of the adult axolotl 


after irradiation with 1,000 r. 


Fic. 1. Part of the frontal section through the normal olfactory epithelium. C, cilia; DE, distal (anucleate) 


portions of olfactory cells; 
о epithelium, Photomicrograph X $70. 
Pus 2 and 3 3 


dirai x1 170. 


E, elongated nuclei of olfactory epithelium; I, intermediate type of nuclei of 


. Various dq of c frontal section through the normal olfactory chamber of the adult 
olfactory epithelium; P, pigment cells; B, blood vessel. Photo- 


Fic. 4. Part of the frontal section through the olfactory chamber of adult axolotl 104 days after irradi- 
ation with 1,000 r. B, blood vessel; IE, interstitial epithelium; OE, olfactory epithelium; P, pigment 


cells. Photomicrograph 156. 


Fic, 5. Part of the section through the interstitial epithelium of olfactory chamber of normal adult 


axolotl. Photomicrograph X $70. 


DS 
19 
г, 
;US 

Ап. 

st 

uns 

r 

B 

V. 

V. 

8 

) 

of 





I] 
ATE 
PL 


Vor. 94, No. 4 


oí telles 18 Pee (Fig. i In some jue, 
more serious damage to the olfactory eni- 
thelium was observed. In some cases, most 
of the round cells disappeared (Fig. 15); in 
other cases, it was the large, elongated cells 
that almost all di isappeared, the distal por- 
tion of the cytoplasm developing many 
spaces and an extremely atypical appear- 
ance (Fig. 13). Under large magnification 
(Fig. 16), it is possible to see the develop- 
ment of spaces and vacuoles, some pvknotic 
nuclei, and the formation of verv small 


granules as a result of the destruction of 


nuclet. 

6,000 r. In some places, the olfactory epi- 
thelium was normal after irradiation with 
6,000 r (Fig. 17 and 26). Sometimes, when 
the olfactorv epithelium was normal (Fig. 
18) or only shghtly damaged (Fig. 19), 
definite abnormalities developed in. the 
interstitial epithelium. Nuclei became ab- 
normallv large (Fig. 18 and 19), and in some 
cases reached a truly giant size (Fig. 27). In 


XE 
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some places, the interstitial epithelium be- 
came abnormally thick (Fig. 24). The area 
shown in Figure 24 still has the appearance 
of abnormally thick epithelium, but areas 
like that shown in Figure 28 exhibited a 
completelv irregular expansion of mostly 
loose-connected atypical epithelial cells 
with abnormal nuclei, which might be verv 
large or even of giant size. 

Serious damage to the olfactory epi- 
thelium was characterized bv reductions in 
the number of cells, disorganization in all 
lavers, and disappearance of the distal 
"anucleate" portion (Fig. 22). In extreme 
cases, all typical structures disappeared, 
leaving behind only irregular clusters of 
otherwise isolated epithelial cells (Fig. 20 
and 21). 

Under large magnification, even slight 
damage to epithelial cells was clearly visi- 
ble (Fig. 23, 25 and 29). Some of the nuclei 
became pyknotic. Such developments oc- 
curred 34 to 39 days after irradiation. 

6,000 r. In some places, the olfactory epi- 


Fic. 6-11. The olfactory chambers of adult axolotl after irradiation with 3,000 r. 


оној s 


Various portions of the frontal section through the olfactory chamber of adult axolotl 7 


days 


after irradiation with 3,000 r. AIE, abnormal interstitial epithelium; C, cilia; OE, olfactory epithelium; 
P, pigment cells. Photomicrographs: Fig. 6, X 170; Fig. 7, interstitial epithelium, X $70. 

lic. 8. Part of the section through the Bllactáry chamber of adult axolotl 76 days after irradiation with 
3,000 г. B, blood vessel; C, cilia; OE, olfactory epithelium. Photomicrograph X170. 

Fic. 9. Part of the section through the olfactory chamber of adult axolotl 104 days after irradiation with 
3,000 r. B, blood vessel; IE, interstitial epithelium; OE, olfactory epithelium; P, pigment cell. Photo- 


micrograph X170. 


Fic. то and 11. Various portions of the frontal section through the olfactory chamber of adult axolotl 89 
days after irradiation with 3,000 r. B, blood vessel; C, cilia; RE, remnants of olfactory epithelium; SDE, 
slightly damaged olfactory epithelium; P, pigment cells. Photomicrographs X170. 


V. V. Brunst 








PLATE III 


Al GUST, 1965 


Vor. 94, No. 4 


thelium was normal after irradiation with 
8,000 r (Fig. 34). In other places, it was only 
slightly damaged, with reductions in the 
number of cells, partial disorganization in 
the various la yers , and reduction of the dis- 
tal "anucleate' ' portion (Fig. 36). 

Serious damage to the olfactorv 
theltum was characterized by the com- 
plete disappearance of the distal Саписје- 
ate" portion (Fig. 37-39). In some cases, 
the various lavers of the epithelium under- 
went complete disorganization (Fig. 35). In 
other cases, the elongated cells disappeared 
almost entirelv (Fig. 37). In manv places, 
cells emigrated from the epithelium to the 
interior cavitv of the olfactorv chamber 
(Fig. 38 and 39). 

Abnormal development of the interstitial 
epithelium, with enlargement of nuclei, was 
also observed after irradiation with 8,000 r 
(Fig. 30-32). Nevertheless, the interstitial 
epithelium never became as thick after 
8,000 г as after 6,000 г. and the nuclei 
never reached giant size (compare Fig. 33 
with Fig. 27). 


epi- 
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10,000 r. Even after irradiation with 
10,000 r, it was possible to find completely 
normal olfac tory epithelium in some places 
(Fig. 40 and 41). This was the case both 15 
and 36 days after irradiation, the latent 
period being definitely over in the latter 
case. In the same olfactorv chamber, how- 
ever, it was also possible to find ТЯ 
able damage to the epithelium (Fig. 42 and 
44). This damage was of the same types as 
occurred after irradiation with smaller 
doses: reductions in the number of cells, 
disorganization of the various lavers, and 
disappearance of the distal "anucleate" 
portion (Fig. 42 and 44). In some areas, the 
elongated cells disappeared completely 
(Fig. 45). Under large magnification, it is 
evident that some epithelial nuclei are defi- 
nitely pyknotic (Fig. 43), and that some are 
considerably enlarged (Fig. 48). 

Maximum damage was characterized bv 
complete iisorganization of the cells, major 
reductions in the numbers of cells, complete 
disappearance of the distal "anucleate" 
portion, aad development of many irregular 


Fic. 12-16, Various portions of the frontal section through the olfactory chamber of adult axolotl 61 days 
after irradiation with 3,000 r. B, blood vessel; DE, damaged olfactory epithelium; GR, granules; PN, 


pyknotic nucleus; 5, spaces between the cells; 


epithelial gland; RE, remnants of olfactory epithelium; P, pigmert cells; 


Fig. 12-16, x176; Fig. 16, X $70. 


SDE, shghtly damaged olfactory epithelium; SG, tube 


; V, vacuole, Photomicrographs: 
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spaces among the cells. The appearance of 
the olfactory epithelium was radically 
changed; it looked much less like epi- 
thelium and more like loose connective tis- 
sue. This loss of the structure tvpical of 
epithelium is due to the destruction of a 
large number of cells, together with the 
resultant progressive loosening of the fac- 
tors holding the cells together. Such a de- 
velopment could be observed even when 
the damage was comparatively slight (Fig. 
46); the changes were especially obvious 
when the damage was appreciable (Fig. 42 
and 47). Associated with the loosening pro- 
cess was a migration of the epithelial cells: 
partlv from one laver of the epithelium to 
another, resulting in mixture of the various 
layers; and partly f rom the epithelium to 
the interior cavi tv of the olfactory chamber 
(Fig. 46). 

The loosening process was typical of 
roentgen damage to not onlv olfactorv but 
also interstitial epithelium. It could be ob- 
served in some parts of the interstitial epi- 


Fic. 17-21. The olfactory 


Photomicrograph X170. 


Fic. 18 and 19. Various portions of the frontal section through 
days after irradiation with 6,002 г. B, blood vessel; 


epithelium; OE, olfactory epithelium; P, | 
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thelium even more clearlv than in the ol- 
factory epithelium (Fig. 46). The progres- 
sive reduction of connections and develop- 
ment of spaces and vacuoles between ue 
cells was characteristic (Fig. 49-21). The 
nuclei of the interstitial cells became en- 
larged, but did not reach giant size. 


DISCUSSION 


In axolotls, the olfactory epithelium is 
obviouslv far more resistant to roentgen 
radiation in adults than in voung animals. 
In the latter, the olfactorv epithelium is 
one of the most radiosensitive of all areas 
of the head, and truly normal olfactorv epi- 
thelium was never found after irradiation.’ 
In adult axolotls, however, normal ol. 
factory epithelium was still present after 
irradiation. with n dose, including the 
largest (10,000 r). In 27.7 per cent of the 
young animals irradiated, che olfactory epi- 
thelium completely disappeared, and was 
replaced by typical skin epithelium with 
many Leydig cells." Complete disappear- 


chambers of adult axolotls after irradiation with 6,000 r. 
Fic. 17. Part of the section through the olfactory chamber of adult axolotl 13 
босо т. B, blood vessel; C, cilia; IE, interstitial epithelium; OF, 


days after irradiation with 
olfactory epithelium; P, pigment cells. 


the olfactory chamber of adult axolotl - 32 
damaged olfactory epithelium; TE, intersti i 


DOE, 


x»gment cells. Photomicrographs X 170. 


Fic. 20 and 21. Various portions of the dés section through the olfactorv chamber of adult axolotl 44 


days after irradiation with 6,000 r. DC, 


disarranged cells of olfactory epithelium; IC, 


isolated cells of 


interstitial epithelium; PN, pyknotic nucleus. Photomicrographs: Fig. 20, X $70; T ig. 21, X170. 
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ance of olfactory epithelium and its replace- 
ment with skin epithelium were never ob- 
served in irradiated adult animals. 

in 54.3 per cent of the irradiated young 
axolotls, the olfactory epithelium did not 
disappear, but underwent major damage. 
In none of the irradiated adults, not even 
those exhibiting the greatest damage, were 
the olfactory chambers completely dam- 
aged; some areas were damaged only mod- 
eratelv, and others not at all. This was the 
case in spite of the fact that the adult ani- 
mals were irradiated with much larger 
doses, the maximum for the young animals 
being 6,000 г and that for the adults being 
Wane. come 

In young axolotls, the olfactory epi- 
thelium 15 more Равена Give than the 
cornea; but, in adult animals, the cornea is 
much more radiosensitive than the olfac- 
tory epithelium. In adult axolotls, irradia- 
tion of the cornea with even a minimum 
dose of 1,000 r gave definite results, com- 
prising a thickening of the corneal epi- 


«| 


FIG. 22-27. 


Fic, 22-26. 
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thelium and the development of Leydig 
cells and melanophores;!! but irradiation 
of the olfactory epithelium with the same 
dose produced no observable effect, the tis- 
sue remaining completely normal. Irradia- 
tion of the cornea with 6,000 to 10,000 r 
was followed bv severe damage: the sub- 
stantia propria underwent thickening and 
stratification, and blood vessels penetrated 
into it. the epithelium. became much 
thicker, and giant cells, melanophores, and 
Leydig cells developed; and sometimes the 
corneal грићећит disappeared and was re- 
placed with skin epithelium. Irradiation of 
the olfactory epithelium with 6,000. to 
10,000 7, however, was followed onlv by 
Varab le results, ranging from severe dam- 
age down to no visible effect whatever. 
The axolotl cornea has almost the same 
sensitivity in adults as in voung animals, 
but the response is somewhat different. 
The formation of Levdig cells and pigment 
cells in the corneal epithelium occurs in 
both voung and adult axolotls; but the 


The olfactory chambers of adult axolotls after irradiation with 6,000 г 

Various portions of the frontal section through the olfactory chamber of adult axolotl 39 davs 
after irradiation with 6,000 r. AIE, abnormal interstitial epithelium; C, cilia; B, blood vessel; OF, 
factory epithelium; P, pigment cells; PN, pyknotic nucleus; КОЕ, 


ol- 
remnants of olfactory epithelium. 


Photomicrographs: Fig. 22, 24 and 26, X170: Fig. 23 and 2£, X $70. 


Fic. 27. Part of the section through the olfactory amber of adult axolotl 36 days after 


irradiation with 


6,000 г, С, giant nucleus in interstitial epithelium, Photomicrograph X 570. 
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development of an uneven outer surface 
and the formation of abnormal outgrowths 
occur only in the young animals, and the 
development of melanophores and blood 
vessels in the substantia propria occurs 
only in the adults. 

The observed facts make it possible to 
draw certain general conclusions. In axo- 
lotls, the radiosensitivity of a specific type 
of tissue 15 a function of the age of the ani- 
mal as well as of the tvpe of tissue; but the 
radiosensitivities of different tvpes of tissue 
vary with age in different ways. Thus, some 
tvpes of tissues have much the same sensi- 
tivities in adults as in young animals, 
whereas other tvpes are far less sensitive in 
adults. 

In various animals, the radioresistance of 
the liver is remarkable. A dose greater than 
12,000 r 1s needed in order to cause signifi- 
cant injury, and some liver cells remain 
uninjured even after exposure to as much 
as 60,000 r. At the other extreme 1s the 
lens of the eve of the mouse, which has been 


Fic. 28-- 
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found to be sensitiveto doses as small as 1; r. 
In young axolotls, radiation produces the 
most severe damage in lymph nodes, con- 
nective tissue, skin and gill epithelium, 
cloacal epithelium, kidney epithelium, and 
the spleen; the spinal cord, however, is the 
most resistant.’ In adult axolotls, the most 
severe damage occurs in the ly mphatic tis- 
sue in the peripheral portion of the liver, as 
well as in. the spleen, in intestinal epi- 
thelium, and in gill epithelium.? 

The comparative radiosensitivities of 
different tissues in axolotls and various 
mammals have been studied in several 
laboratories.!5!9.29.?* All of the investigators 
found that the most radiosensitive tissue is 
that of the lymph nodes, and nearly all 
found that the most resistant is that of the 
nervous svstem. 

Recent investigations emphasize the ex- 
treme radiosensitivity of early embryos. 
According to Hammer-Jacobsen,” as little 
as I to IO r administered to a fetus 1s 
sometimes able to cause such injuries as 


33. The olfactory chambers of adult axolotls after irradiation with 6,000 and 8,000 r. 


Fic. 28 and 29. Various portions of the frontal section through the olfactory chamber of adult axolotl 34 


days after irradiation with 6,000 r. 


Fig. 28. Abnormal thickening of interstitial epithelium. Photomicrograph X 176. 


Fic, 
Fic. ; 


29. PN, py knotic nucleus, Photomicrograph X 570. 
20-32, V arious portions of the frontal section through the olfactory chamber of adult axolotl (albino) 


37 days after irradiation with 8,000 r. AOE, abnormal olfactory e pithelium; B, blood vessel; CT, loose 
connective tissue; E, abnormal interstitial epithelium; IE, interstitial epithelium. Photomicrographs: 


Fig. 30-32, X170; Fig. 33, X 570 
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malformation, slow development, or re- 
duced resistance. “The embryo can be 
killed by irradiations which for any species 
are less than the lethal dose for the adult,” 
says Rugh,!* "and congenital effects may 
be produced by exposures of about 2 per 
cent of that of the 1.0, level.” 

In grasshopper neuroblasts, reports Carl- 
son,” as little as 3 г will reduce mitosis to 
25 per cent of normal, and 16 г reduces it 
almost to zero in less than an hour. “Cells 
vary enormouslv in their ability to survive 
ionizing radiations,’ comments Carlson,” 
"and this seems to have no relation to the 
mitotic effect of the radiation. It requires, 
for example, 72 r to depress mitosis in cells 
of the developing rat retina to approxi- 
mately the same extent as 8 г depresses it in 
the grasshopper neuroblast. On the other 
hand, 72 г kills approximately 11 per cent 
of the developing rat retina cells as deter- 
mined 6 hours after treatment, while 


10,000 r produces virtuallv no deaths of 


grasshopper neuroblasts within at least 8 
hours after treatment." 


be 
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The abnormally extensive development 
of the interstitial epithelium following ir- 
radiation can be considered a result of 
roentgen stimulation. This phenomenon 
need not be discussed here, since it has been 
discussed at great length in previous publi- 
eAtions ene 


SUMMARY 


The anterior portion of the head was 
irradiated in 70 adult axolotls (Szredon 
mexicanum), 4 to § vears old, 1,000 r being 
administered to 10 animals, 3,000 r to 20, 
6,000 r to 20, 8,000 r to 10, and 10,000 r to 
20; § animals served as untreated controls. 
Specimens fixed at various intervals follow- 
ing irradiation were studied histologically. 

After irradiation with 1,000 r, the ol- 
Ad torv epithelium appears normal. 

. After irradiation with 3,000 r, the ol- 
T torv ep:thelium appears normal in many 
places. Elsewhere in the olfactory epithe- 
lium there may be slight damage, charac ter- 
ized by reduction of the distal ‘ tenuia ate" 
portion, or serious damage, characterized 


| 1G. 34. Ра af S section ао he du P њи of ЗА bun 32 P after irradiation with 
5,000 г. B, blood vessel; OE, olfactory epit thelium; P, pigment cell, Photomicrograph X 170. 


Fic. 35- 


V arious portions ae the frontal section throggh the olfactory chamber of adult axolotl 30 days 


after с with 8,000 r. B, blood vessel; DE, damaged olfactory epithelium; P, pigment cells; 
SDE, slightly damaged olf factory epitheli ium, Photomi crographs X 170. 

Fi. 38—39. Various portions of the frontal section through the olfactory chamber of adult axolotl 35 days 
after irradiation with 8,000 r. CT, connective tissue; DE, damaged olfactory epithelium; IC, isolated 
cells emigrated from the еріген. Photomicrographs X170; 
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by complete disorganization of all lavers  radiosensitive than the cornea in voung 
and disappearance of the "anucleate" por- animals, but the reverse is true in adults. 
tion. 8. The radiosensitivities of different tis- 
4. After irradiation with 6,000 r, the ol. sues vary with age in different Ways. Some 

factory epithelium appears normal in some tissues have much the same radiosensitivi- 
places. Occasionally, the interstitial epi- tiesin adults as in voung animals, whereas 
thelium undergoes annon developments, others are far less sensitive. 

becoming unusually thick, with very large — - | 
ог even giant nuclei. Serious damage to the laboratory of Radiobiology 

hueco Gs heli Peu Р d ere Roswell Park Memorial Institute 
olfactory epithelium is characterized bv те- бој ~ 4 
Buffalo, New York 

ductions in the number of cells , disorgani- 

zation of all layers, and disappearance of REFERENCES 

hd €& >} Е 

the distal "anucleate" portion. 


ie ae orn 1, Вкохзт, V. V. Influence of local x-ray treatment 
5. After irradiation with 8,000 or 10,000 


on dev elopment of extremities of young ахојо 


r, the olfactory epithelium appears normal (Siredon mexicanum), 7. Exper. Zool, 1950, 
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Fic, 40-45. The olfactory chambers of adult axolotls after irradiation with 10,000 r 

Fic, 40, 42 and 44. Various portions of the frontal section through the olfactory ch amber of adult axolotl 36 
days after irradiation with 10,000 r. B, blood vessel; C, cilia; DOE, damaged olfactory epithelium; OF, 
olfactory epithelium; BC, Blood capillary; P, pigment cells. Photomicrographs X150. 

Hig, 41. Part of the section through the своту chamber of adult axolotl 15 days after irradiation with 
10,000 r. B, blood vessel; IE, interstitial epithelium; OE, olfactory epithelium; P, pigment cells; SG, 
subepithelial gland. Photomicrograph X170. 

Fic. 43. Part of the section through the olfactory chamber of aduit axolotl 44 days after irradiation with 
10,000 r. PN, pyknotic nuclei. Photomicrograph X $70. 

Fic. 45. Part of the section through the olfactory chamber of adult axolotl 30 days after irradiation with 
10,000 r. DOE, damaged olfactory epithelium; P, pigment cells. Photomicrograph X 170. 
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Fic. 46-51. The olfactory chambers of adult axolotls after irradiation with 10,000 г. 

Fic. 46. Part of the section through the olfactory chamber of adult ахојо то days after irradiation with 
10,000 г. В, blood vessel; DOE, damaged olfactory epithelium; ?, pigment cells. Photomicrograph X 170. 

Fic. 47. Part of the section through the olfactory chamber of adult axolotl 30 days after irradiation with 
10,000 г. ROE, remnants of olfactory epithelium. Photomicrograph Х 170. 

Frc. 48. Some of olfactory cells of adult axolotl 44 days after irradiation with 10,000 r. E, enlarged cell 
nucleus; 5, spaces between the cells. Photomicrograph X $70. 

Fic. 49-51. The interstitial epithelium 10, 15 and 36 days after irradiation with 10,000 г, CB, cell border; 
V, vacuoles in cytoplasm and between the cells. Photomicrographs X 570. 
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INTERNAL Sr” BETA-RAY DOSIMETRY 
WITH FLUORODS* 
By JACOB KASTNER, Рн.р., DONALD К. ROBERTS, M.A., 
and WILLIAM PREPEJCHAL, B.E.E.t 


ARGONNE, ILLINOIS 


CHULMAN-ETZEL*™ fluorod dosim- 

eters have been employed for the meas- 
urement of Sr”, Y”, beta.ray dose in vivo 
and in vitro. The following is a description 
of the dosimetric problems associated with 
these fluorods. 


MEASUREMENT SYSTEM 


Fluorods made from silver phosphate 
glass are now commercially available in the 
form of cylindrical rods 1 mm. in diameter 
and 6 mm. long. The Bausch and Lomb 
(B and L) Optical Company manufactures 
both high- and low-Z* (lithium phosphate) 
glass rods whose output was determined 
with their “‘microdosimeter reader.” ® 

Very early in our work it was determined 
that the high-Z rods gave nonreproducible 
data and also faded quickly. The low-Z 
rods, however, are relatively permanent 
and some institutions routinely locate these 
fluorods in personnel film badge holders as 
additional monitors. Measurements were 
also made with Toshiba?? low-Z fluorods 
which were read using the B and L instru- 
ment. The chuck (rod-holder) of this instru- 
ment was modified to provide a firmer grip 
and thus more reproducible data even 
though the sensitivity was somewhat re- 
duced in the process (see Appendix). 

The rods must be carefully cleaned be- 
fore reading. For example, we use a succes- 
sion of rinses in acetone, distilled water, 
and alcohol, or, alternatively, an ultra- 
sonic bath in soap solution followed bv 
rinsing in water and alcohol. After the rod 
is placed in the chuck, it must be dusted by 
a puff of dry air. 

Prior to reading the fluorod, the open 


* Bausch and Lomb Microdosimeter, Catalog No. 34-66-00. 


chuck background was determined for each 
range. This value was subtracted from the 
mean of replicate fluorod readings to deter- 
mine the photoluminescent output. In this 
work the pre-dose luminescence for each rod 
was subtracted from the final reading, but ` 
in most cases of biological interest the use 
of a pre-dose value, which is the mean for a 
batch, seems sufficiently precise. 

A 2 hour wait after exposure was suffi- 
cient to provide essential stability. The 
“Reader” was on for about an hour before 
measurements were made and its stability 
was checked periodically by means of the 
photoluminescence from manganese-doped 
glass standards. 


cof! GAMMA-RAY CALIBRATION 


Fluorods, in cylindrical lucite holders 
with 4 mm. thick walls, were exposed to 
various doses in the high intensity Co9? 
gamma facility of the Division of Biological 
and Medical Research. Figure 1 shows the 
relationship of instrument fluorescent units 
to the Соё gamma ray absorbed dose in 
rads. Over the region of interest, the mean 
ratio of fluorescent units (F.U.) to Соб dose 
in rads is: F.U./y гаа =0.67. It should be 
noted, of course, that the specific ratio 
obtained is peculiar to the system used, 
and, furthermore, that the fluorescence is 
not really proportional to the dose over 
more than three decades. 


BETA-RAY CALIBRATION 


Since there is a variation in beta flux 
through the internal volume of the dosime- 
ter, the latter cannot be considered a point 
detector. For this reason the response of the 
dosimeter system per unit of dose received 


* Work performed under the auspices of the U. S. Atomic Energy Commission. 
T Radiological Physics Division, Argonne National Laboratory, Argonne, Illinois, 
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must be determined with the particular 
beta emitter being studied. 

To provide isotropic 47 sources of Sr?? 
— Ү? we first employed aqueous solutions 
of SrCl; with approximately 1 and 10 uc per 
ml. The fluorods, in plastic tubing, were 
suspended so that the thickness of the sur- 
rounding solution exceeded the maximum 
range (~1 cm.) of the Y?? beta rays. The 
results with these solutions were somewhat 
erratic and recourse was made to the use of 
gelatin molds containing a known concen- 
tration of Sr”. These provided very repro- 
ducible and useful sources for delivering 
beta-ray doses 1n an isotropic manner and 
were made in the following wav. The open 
gelatin surfaces were covered by a 4-mil 
Mylar film and the complete molds were 
sprayed with a light acrylic coat. The molds 
were kept 1n glass sealers with some water 
on the bottom to provide 100 per cent 
humidity. Exposures and storage were 
carried out in a refrigerator at +7° C. The 
gels have been stable and have provided 
reproducible data for more than a year and 
show no signs of deterioration. The use of 
thin plastic sleeves* to protect and hold the 
fluorods proved to be convenient and effi- 
cient and yet lowered the net fluorescence 
by less than 10 per cent. It 15 recommended 
that such sleeving be used in all tissue 
implants. 

To verifv the isotropic character of the 
gelatin system, the fluorescence of fluorods 
sandwiched between two beta-rav gelatin 
molds was compared with the fluorescent 
output when one of the molds was blank, 
1.е., contained no activity. This was done 
for times varying from a couple of hours to 
as much as a week. In all cases the ratio of 
fluorescent output for дат irradiation was 
almost exactly twice the 27 case. Further- 
more, as can be seen in Figure 1, propor- 
tionality held over the complete range of 
measurements. The Sr*^— Y?? dose rate was 
computed using the well-known relation? 


Rg = $1.2 Eg C rad/day, 


* Intramedic Polyethylene tubing, No. РЕтбо, Clay-Adams, 
Inc., New York. 
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Fic. 1. Fluorod dosimeter fluorescence versus 
absorbed dose. 


the average beta-ray energy, 1.1 mev. 

A measurement of Sr*? concentration in 
the gelatin was made upon completion of 
the fluorod calibration to check the concen- 
tration of activity. 

There is available in our laboratory a 
Sr? —Y** beta-ray applicator which has 
been calibrated for dosage in a lucite phan- 
tom by Chhabra using a Failla extrapola- 
tion ion chamber.’ We decided to use the 
Y*? source to check the beta-ray response 
of the fuorods and, in particular, to simu- 
late the nonuniform source distribution 
which obtains in therapeutic practice. A 
lucite holder was constructed to position 
the rods under the applicator with provi- 
sion for various lucite absorbers. In this 
wav, dose rates as well as exposure times 
could be varied over wide limits. As Figure 
1 shows, the fluorescent response to the 
absorbed dose in rads was identical with 
that observed for the uniform irradiation 
supplied bv the gelatin source. Further- 
more, the response was proportional to the 
dose and independent of the dose rate over 
a range of at least two decades. 

A summary of the responses of the fluo- 
rods to various sources is given in Table 1. 

Although the Toshiba fluorods are 2.7 
times as sensitive as the B and L dosime- 
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TABLE I 
FLUORESCENT UNITS PER RAD 
Bausch 
and Toshiba роу 
Lomb 
Cobalt 60 0.67 1.78 279 
Strontium 9o 
(у9) 0.42 I.IO 2.5 
Sr? /(Co80 0.62 0.62 


ters, the beta-ray to gamma-ray response 
ratio is essentially the same in both despite 
their different glass composition. The den- 
sity variation for the two glasses was less 
than Io per cent. 

The beta-gamma ratio of fluorescent 
response is in good agreement with the 
results of other workers!^* provided one 
corrects their data for the small extra dose 
contributed by the Sr?? in their source. 

The two glasses also behaved similarly 
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Fic. 2. Comparison of depth-dose measurements 
in lucite; fluorods versus extrapolation chamber. 
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with regard to relative fluorescent output 
versus depth in lucite. Figure 2 shows the 
excellent fit with Chhabra's extrapolation 
chamber data. Thus, even though the 
fluorods are not point detectors, they may 
give surprisingly useful information about 
beta-ray dose distributions. Incidentally, 
using the gelatin mold as a source of beta 
rays, one obtains the same depth dose 
curve in lucite as for the applicator. This 
observation, together with the identity of 
response for the two sources, implies simi- 
larity in their beta-ray spectra. 

Reader Geometry. The possible effect of 
the geometry of excitation of luminescent 
centers by the B and L reader was checked 
by using another reading system which has 
been described by Barr et alt? We were 
fortunate to be able to borrow this appara- 
tus from the Division of Biophysics of the 
Sloan-Kettering Institute. No significant 
difference was observed in the beta-gamma 
ratio of fluorescent response. 

Temperature Dependence. Although we 
have not carried out extensive tests, the 
fluorods seem to be relatively insensitive to 
temperature in the range of o to 25°С. 
Barr and Miyanaga and Yamamoto?? 
reported temperature coefficients оѓ 
+0.4%/°C. and +0.2%/°C. for B and L 
and Toshiba fluorods, respectively. The 
maximum variation therefore can be no 
more than Io per cent. 


' CONCLUSION 


The use of Schulman and Etzel fluorods 
for in vivo and in vitro dosimetry for Sr’? 
beta rays and, for that matter, other beta 
rays is quite feasible, provided careful 
precalibration is carried out on a sample of 
the specific batch of dosimeters to be used. 
A reproducible technique for calibration 
employing gelatin phantoms is described. 
The convenience, in practice, of using such 
gelatin techniques for calibrating beta-ray 
applicators should not be overlooked. Com- 
parison with the work of other laboratories 
can always be made if a Co® gamma-ray 
calibration is included. 

The response is linear to dose over a large 


Vot. 94, No. 4 


3567 DRILL HESP DRILL 
(033) (04) 
.020 · 030 





Fic. 3. Reader chuck modification. 


range and is also independent of dose rate. 
If one uses low-Z fluorods, the fluorescence 
does not fade over many months and thus 
the dosage can be reread at any time. Of the 
two commercially available materials, the 
Toshiba fluorods are superior with regard 
to sensitivity and low pre-dose reading; 
however, both the Toshiba and the Band L 
products offer good reproducibility if the B 
and L reader is slightly modified to provide 
better alignment of the fluorods. 


Jacob Kastner, Ph.D. 
Radiological Physies Division 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 
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APPENDIX 
MODIFICATION OF BAUSCH AND LOMB FLUOROD 
MICRODOSIMETER READER #33 
Modification of the B and L reader chuck 
involves only the .055 inch stainless steel 
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plate on the light source side of the chuck. 
The original plate is removed and used to 
locate all holes on a new plate (ours is .ozo 
inch aluminum). All holes are drilled and 
counterbored to duplicate the original with 
the exception of the window which admits 
ultraviolet light to the rods. This hole is 
first drilled through with а #67 drill; then, 
from the photocell side, and to a full diame- 
сег depta of .030 inch, the hole is enlarged 
with a #59 drill (see Fig. 3). The fluorods 
will now sit in this hole to a depth of .o30 
inch. This is sufficient to maintain repro- 
ducible alignment. The small spring in the 
chuck still provides a firm grip for the rod. 

Handhng of the rods can also be made 
more efficient by clipping 5/16 inch-long 
sections of PE 160 intermedic polyethyl- 
ene tubing in a #88 Mueller Electric Co. 
battery zlip, so that 5 inch of tubing pro- 
trudes. The rods are slipped into the tubing 
from the chuck or from the rod holder and 
are firm.y held by the tubing. The clips 
merely serve as handles and are not opened 
and closed. 
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USE OF PINHOLE CAMERA FOR TESTING UNIFORMITY 
OF BETA-RAY APPLICATORS 


S Hl SUPE" 
BOMBAY, INDIA 


HE principle of the pinhole camera has 
been applied in a wide varietv of 
problems. In the field of radiation physics, 
it has been extensively used in the deter- 
mination of the focal spot size.?:3:5 7.51 [n 
fact, the technique is as old as the roentgen 
technique itself. It has been used: (a) in 
locating unknown sources of radiation 
arising from contamination;'® (b) in deter- 
mining the area from which secondary 
emission occurs in dental roentgenog- 
raphy; and (c) in aligning roentgen tubes 
in their housing.) The method has also 
been applied in testing the uniformity of 
emission from the different parts of the 
target area in a roentgen tube.*5.7.4 
Kuntke® and Vuorinen”? have discussed 
the inaccuracies which occur with the use 
of the pinhole method for roentgen rays due 
to penumbra, the tunnel effect and the size 
and shape of the pinhole. In the case of 
beta ravs, additional errors arise due to: (1) 
bremsstrahlung; (2) significant electron 
scattering in air; and (3) the absorption by 
the thin foil covering the source in order 
to seal the source "in." There is, however, 
one favorable feature of this method in the 
case of beta ravs. This is the fact that the 
"tunnel effect" correction for a given 
source can be made to depend simplv on 
the tunnel diameter bv fixing the tunnel 
length to be equal to the maximum range 
of beta ravs in the material of the pinhole 
plate. This feature has not been widelv in- 
vestigated and the few studies reported so 
far* are confined to the determination of 
the size and shape of areas contaminated 
with beta emitting radioisotopes. The pur- 
pose of the author is to describe the con- 
struction and use of a pinhole camera for 
testing the uniformitv of the beta emission 
from a plane beta source. 


CONSTRUCTION OF THE PINHOLE CAMERA 

In a pinhole camera, the pinhole length 
must be kept to à minimum in order to 
minimize the tunnel effect. Hence, the use 
of high density material (usually also high 
Z) is necessary. This, however, leads to 
considerable bremsstrahlung emission. The 
bremsstrahlung contribution can be mini- 
mized, provided that (1) the thickness of 
the pinhole plate 15 much greater than the 
maximum range of the beta particles in the 
material of the plate (care being taken to 
ensure that the length of the pinhole is not 
more than the beta range in order to mini- 
mize the tunnel effect), and (2) a low Z 
material is appropriately interposed be- 
tween the source and the pinhole plate. 

Certain preliminary investigations have 
been carried out with a pinhole camera and 
a Sr” eye applicator. The experimental 
set-up is shown in Figure 1. The only 
modification in this set-up adopted for 
study of the bremsstrahlung contribution 
was that, instead of the pinhole plate, lead 
sheets of thicknesses varving from 1 mm. to 
4 mm., but without pinholes, were used. 
This enabled us to estimate the extent of 
fogging of the film due to bremsstrahlung. 
The study was repeated with a 1 cm. thick 
perspex sheet interposed between the beta 
source and a 4 mm. thick lead plate. These 
results are shown in Figure 2. It can be 
seen from this graph that if a 1 mm. thick 
lead plate is used for the pinhole, the opti- 
cal densitv of the fog due to bremsstrah- 
lung on the Agfa Printon K film is as high 
as 0.6. However, using a combination of 1 
cm. perspex and 4 mm. lead, the fog did 
not exceed an optical density of o.o1. This 
combination was therefore emploved in 
constructing the pinhole plate shown in 
Figure 1. 


* Directorate of Radiation Protection, Atomic Energy Establishment Trombay, Bombay, India, 
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Ето. т. Pinhole camera arrangement. 


The principle involved in the use of the 
pinhole camera for studies of the uniform- 
ity of radiation emission from area sources 
is simple. If two point sources, A and B 
(Fig. 32), on the surface of a large source 
have the same flux, points A' and B' on the 
film will have equal optical densities. The 
successful use of the pinhole camera prin- 
ciple demands that the radiation emitted 
from any point on the source should not be 
scattered in its path before reaching the 
film. The effect on the film of any scattered 
radiation from the source side of the pin- 
hole plate is mostly eliminated by the plate 
itself. However, the scattering taking place 
on the film side results in the introduction 
of considerable additional fog on the film. 
Furthermore, owing to preferential forward 
scattering, this fogging is not uniform over 
all the film. Itis maximalin the center—the 
point of intersection of the axis of the pin- 
hole with the plane of the film, and de- 
creases with increasing radius. 

Since, for the same path length, the 
scattering of beta particles is significantly 
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greater than that of photons, the error 
induced by scattering, which is usually 
unimportant in the case of roentgen and 
gamma rays, cannot be ignored in the 
case of beta radiation. The error can, 
however, be reduced considerably by lessen- 
ing the distance between the pinhole plate 
and the film. Even this approach has its 
limitations when one deals with small area 
sources as the pinhole-to-film distance has 
to be kept long enough in order to obtain 
a magnified image of the source on the film 
for accurate densitometry. In the present 
investigation, these problems were over- 
come by producing a partial vacuum in the 
camera, thereby achieving considerable re- 
duction in the scattering radiation. Fogging 
of the film due to scatter, which was as 
high as 0.2 at atmospheric pressure, was 
reduced to 0.01 when the pressure in the 
camera was kept below about 1 mm. mer- 
cury. 


The drilling of the pinhole itself must be 
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Бо. 2. Bremsstrahlung fog density of the film when 
different thicknesses of lead sheets were used for 
pinhole plate. 
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done very carefully; for, normally, vignet- 
ting occurs at the pinhole circumference 
and the scattered radiation from such a 
surface introduces nonuniformity in the 
optical densitv of the film. This detect 
was minimized by carefully smoothening 
the pinhole under a microscope. 


CORRECTIONS TO BE APPLIED IN THE 
USE OF THE CAMERA 


When a large area source 1s used in con- 
junction with a pinhole camera, it subtends 
an appreciable angle at the pinhole. In 
such a case the density of the film decreases 
from the center to the edge of the 1mage 
produced. Three factors are responsible for 
this: (1) the reduction in beta flux due to 
the inverse square law; (2) the nonuniform 
attenuation of radiation by the thin film 
providing a protective cover for the source; 
and (3) the tunnel effect. The corrections 
to be applied in order to take these factors 
into account are detailed below. 

I. The correction factor for the reduc- 
tion in the flux reaching the edges due to 
the inverse square law 15 


where r is the radius at the source and x 
the source to pinhole distance. 

2. All plane beta sources are usually 
covered with a thin foil of some suitable 
protective material, The beta particles 
emitted from the center of the source and 
reaching the pinhole pass normally through 
the thickness of the protecting material, 
while those reaching the pinhole from the 
edges pass obliquely through it (Fig. 3а). 
If £ is the thickness and y the linear absorp- 
tion coefficient of the material of the film, 
the corresponding reduction in the intensity 
of the beam at the edges is given by the 
factor 


g PO GI) 0-1) 


The effect of the obliquity will be consider- 
able if uż is large. However, since the cor- 
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rect value of u is difficult to obtain, this 
factor has to be evaluated using the central 
axis depth dose data reported elsewhere." 
Such evaluations were made in the present 
case for: (1) a Sr” eye applicator which 
was covered bv о.ото inch of Al and 0.002 
inch of stainless steel (100 mg./cm.?); and 
(2) two P® plaques covered by £o mg./cm.* 
perspex and тоо mg./cm.? perspex, respec- 
tively, The results of these evaluations are 
shown in Table 1. It can be seen that, 
although for low values of r/x this cor- 
rection is negligible, it increases as r/x in- 
creases and becomes significant for values 
of r/x higher than o.15. 

3. Tae surface area of a source contribut- 
ing radiation dose to the central point (C’ 
in Fig. 32) is circular, while the area con- 
tributing to any off center point is bound 
between two arcs of nearly equal radu. It 
can be readily seen that the ratio of the 
area at DY to that at C' is 2(0 —sin6cos8) /z. 
0 is in radians and is given by 


where Zand 4, are the length and diameter 
of the pinhole respectively. When 


i r 
CERTES i << 1; 
ils 2 
this reduces to 
41 7 
m x 


In the case of roentgen rays, the value of / 
is uncertain as the photons are not totally 
absorbed in the pinhole plate unless verv 
large thicknesses are used. Therefore, both 
length and diameter of the pinhole must 
be chosen arbitrarily? and a compilation of 
data for “tunnel effect” correction is rather 
difficult. In the case of beta ravs, however, 
the optimum tunnel length is given by the 
maximum range (Ry) of the beta particles 
in the material of the pinhole plate, and 
the tunnel effect correction depends onlv 
upon the diameter selected. Thus, by putt- 
ing /= Ry, the value of 8 is 
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Ето. 3. (а) The scattering taking place on the source side of the pinhole is attenuated by the pinhole plate 
while that taking place on the film side results in fog. It can also be seen that the beta rays starting from the 
edge of the source are attenuated more in the covering foil. (4) The tunnel effect due to the oblique path of 
the beta rays. The area of the source contributing dose at C’ is circular while that contributing the dose at 


D’ is the area between two arcs. 


Ro 
COS te 
dp x 


The tunnel effect factor has been cal- 
culated using Sr” (E max. =2.23 mev.) for 
d,=0.2, 0.4, 0.6, 0.8, 1.0 and 1.5 mm.; and 
using P? (Е max.=1.71 теу.) and Ca® 


TABLE 1 


VALUES OF THE CORRECTION FACTORS FOR THE 
NONUNIFORM ABSORPTION IN THE 
COVERING FOIL 


Correction Factor for 


r/x pa pa Sr?» 
f= $0 f= 100 1-100 
mg./cm.? mg./cm.! mg./cm.* 
O.00 I 1 1 
0.05 0.9994 0.9988 O.999I 
0.10 0.9977 0.9953 0.9963 
O.15 0.9948 0.9897 0.9919 
0.20 о.9908 0.9817 0.9856 
0.25 0.9858 0.9723 0.97798 


(Е max. =0.216 теу.) for d,=0.8 mm. The 
results are presented in Figure 4. The 
curves show that this factor varies with the 
energy of beta rays and the diameter of the 
pinhole. 


a 


gie ~sin@ 0020) 
о р 


Fic, 4. The tunnel effect for various beta-ray energies 
and various pinhole diameters (see text). 
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The expression for the total reduction in 
intensity due to factors 1, 2 and 3 is given 
by 


o (B — sin 0 cos 6). 


As r/x increases, the contribution towards 
reduction in the intensitv of beta radiation 
by each of these three factors also increases. 
Thus, the value of r/x should be kept at a 
minimum, 2.е., x should be large. This is not 
always possible. In any case, the air ab- 
sorption (even when there is partial 
vacuum), as well as the exposure time in- 
creases with x. Further, the greater the 
value of x, the larger the area of the source 
which contributes radiation dose to any 
point on the film. This results in a fuzzv 
photographic image which is not a faithful 
reproduction of the point to point varia- 
tion of surface activity of the source. Thus, 
the experimental parameters chosen will 
necessitate the application of these cor- 
rection factors. The actual magnitude of 
such a correction factor was calculated for 
а Sr?? source for 4, =0.8mm. and /- too 
mg./cm.?, These are plotted in Figure 5, 
as curve А. Curve A thus represents the 
variation of density on a film exposed to a 
uniform plane Sr?" source, when a pinhole 
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Fic. 5. Density variation on the films exposed using 
a pinhole camera. The inset figure shows the beta 
flux variations as obtained by using pinhole 
camera and extrapolation chamber (see text). 
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lac. 6. Arrangement for scanning the surface of the 
beta applicator through a small collimator with an 
extrapo ation chamber. 


camera is used. In the same figure, curve B 
represents the variation of density on a film 
exposed to an actual Sr? eve applicator 
under identical conditions of source to film 
geometry. The ratio of the densities of cor- 
responding points of the curves gives the 
extent of the deviation from uniformitv of 
the beta flux distribution for the Sr” eve 
applicator. These ratios are plotted as per- 
centages in the inset figure as a continuous 
curve C, 

As a further check on the flux data ob- 
tained above, the measurements were also 
carried out by scanning the active surface 
of the source, using a 0.02 inch diameter 
collimator made in a sufficiently thick 
lead plate and kept concentric with the 
centrai electrode of an extrapolation cham. 
ber (Fig. 6). The source was put on an arm 
of a traveling microscope and the area was 
scanned systematically. The curve for the 
flux distribution so obtained is shown by 
curve D in Figure 5. It can be seen that 
curves C and D in Figure 5 are in fairly 
good agreement. They indicate that the 
beta flux from the central region of diam- 
eter 243 mm. of the Sr” beta source is uni- 
form within +3 per cent, and that the flux 
falls cff rapidlv bevond this diameter. 

The exact diameter of the source (which 
is circular) was determined by using the 
following method: Several autoradio- 
graphs of the source were made after plac- 
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Fio. 7. (a and 4) Diagrams showing the principle of the use of masking plaques to determine the size of the 
active area of the applicator. 


ing it in contact with a number of circular 
masking plaques of 1 mm. thick lead of 
varying diameters. As long as the size of the 
masking plaque was smaller than the di- 
ameter of the source, the diameter of the 
shadow of the plaque was equal to the di- 
ameter of the plaque itself (Fig. 74). When, 
however, the plaques were larger than the 
Sr?" source, the difference between the 
diameters of the plaque and its shadow be- 
came greater. By plotting the difference 
between the diameters of the plaques and 
their shadows against the diameters of the 
plaques (Fig. 72) and by extrapolating the 
curve to zero difference, the diameter of 
the source was determined. In the present 
case it was found to be 7.9 mm. It can thus 
be seen that with the Sr?? beta source used, 
the flux of beta rays was not uniform 
over the entire area of the source. 


SUMMARY AND CONCLUSION 
Thin sealed beta sources, such as Sr”? 


eye applicators, are commonly used for 
treatment of surface lesions in clinical 
work. A knowledge of the surface dose rate, 
the size of the active area and the distribu- 
tion of the beta flux on the surface 1s essen- 
tial in planning treatment. The surface 
dose rate and the size of the active area are 
available from the suppliers. The measure- 
ment of the distribution of the beta flux is 
usually carried out by using an extrapola- 
tion chamber with sensitive current measur- 
ing instruments. Inasmuch as such equip- 
mentis rarely available in most laboratories 
and' hospitals where these beta applicators 
are used, a pinhole camera suitable for 
studying the variation of beta flux at the 
surface of these applicators was designed. 
It was found that the defects normally 
associated with this technique, such as 
fogging of the film due to bremsstrahlung 
production and scattering of beta rays, 
could be reduced to negligible levels by 


choosing an appropriate material of opti- 
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mum thickness for the pinhole plate and 
by conducting the exposures under partial 
vacuum. The corrections to be applied for 
defects arising from such factors as the 
tunnel effect and absorption in the thin foil 
covering the source are outlined. The flux 
variation so obtained for a Sr?" eve applica- 
tor was found to be in fairly good agree- 
ment with that observed by scanning the 
surface through a very small size collimator 
coupled to an extrapolation chamber. 

It is concluded that important informa- 
tion concerning the uniformity of distribu- 
tion in thin sealed beta sources such as eve 
applicators can be easilv obtained bv the 
use of a simple pinhole camera technique. 


Directorate of Radiation Protection 
Atomic Energy Establishment Trombay 
Bombay 74 (AS), India 
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SHIELDING DOOR WITH FLUSH THRESHOLD 
FOR A MEGAVOLTAGE THERAPY ROOM* 


By C. J. KARZMARK and P. A. HUISMAN 


PALO ALTO, CALIFORNIA 


эз to high-energy therapy rooms 
must be either via a maze or a heavy 
shielding door. A maze restricts personnel 
exposure by requiring that any primary 
photon be at least twice scattered. This 
arrangement provides access free of me- 
chanical maintenance problems but re- 
quires greater space as well as increased 
walking for personnel. Often the maze 
entry is radiation interlocked with a light- 
weight door, a simple barrier, or a light 
beam-photo cell system. Ruddy? has de- 
scribed several types of radiation shielding 
doors: hinged, lift, hanging, and rolling; 
while Wadley? gives details for a hinged 
design. 

For therapy installations, a motorized 
heavy shielded door is often dictated by 
limitations of space or because of its 
quicker, easier access for bed patients as 
compared with a maze. We have encoun- 
tered two difficulties in our previous experi- 
ence with heavy therapy room doors: pro- 
viding fast, reliable door operation, and 
finding a threshold design which affords 
good shielding without impeding traffic or 
requiring maintenance. 

Both of these door problems have been 
solved for the therapy room layout shown 
in Figure 1. The first problem is solved by a 
substantial mechanical design which in- 
cludes a heavy-duty door operator.* The 
door hangs from trolleys mounted on an 
overhead track. The time for this 10,000 
pound door to open fully is Io seconds. A 
half-open position, affording rapid and 
adequate access for ambulatory patients 
and therapy personnel, may be activated 
from two locations, one at the console and 
the other near the door itself. The door may 


* Richards-Wilcox Company, Aurora, Illinois, No. 1265. 


be fully opened by activating the push- 
button switch a second time. 

A flush, floor-level threshold (Fig. 2, 4 
and В) is provided by a solid steel section 
placed beneath the door and flush with the 
floor covering. This steel member, which is 
buried in the concrete floor, is 8 inches wide 
and 8 inches deep and attenuates scatter 
and leakage radiation passing under the 
door through the floor. The door is 5 inches 
thick, and it 1s adjusted for a 0.060 inch 
clearance above the threshold. The door 
bottom and threshold have machined sur- 
faces so that smaller as well as larger gaps 
are possible. This narrow adjustable gap 
passes only a small amount of scatter radia- 
tion. The gap-target geometry requires 
leakage radiation emerging from the gap to 
be atleast singly scattered after leaving the 
target. On the door exterior surface, the 
contribution from primary scatter appears 
small compared with leakage radiation for 
all accelerator orientations. Maximum 
transmission through the door occurs with 
the accelerator beaming upward. The x-ray 
target is about 6 inches above the floor level 
for this accelerator orientation. 

Measurements indicate that the maxi- 
mum exposure rate, which occurs near floor 
level just outside the door, does not exceed 
то mr/hr. for 100 rad/min. at I meter in the 
phantom position. For reasonable occu- 
pancy and use factors, the cumulative 
contribution to personnel exposure is well 
below accepted values. A recent weekly 
total, measured with personnel monitoring - 
film, was under 30 mr at all points on the 
door exterior surface except for a narrow 
strip adjoining floor level. Here the corre- 
sponding weekly exposure increased to 
about go mr in the gap. Such an increase 
appears qualitatively consistent with the 


* From the Department of Radiology, Stanford University School of Medicine, Palo Alto, California. 
This work was in part aided by Grant C-5838 from the National Cancer Institute, National Institutes of Health, USPHS, 
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Fic. 1, Plan View, 6 теу, linear accelerator megavoltage therapy room. Ап isocentric accelerator system 
which is incorporated in this facility, has been recently described by Haimson and Karzmark.* The 45° 
orientation of the primary access door is convenient for ambulatory and bed patients, as well as therapy 
personnel. The accelerator is isocentrically mounted and rotates about the horizontal axis A-A ’, the axis 
being 46 inches above the floor. The x-ray target rotates on a circle of one meter radius, whose center is lo- 
cated at the isocenter X, a point along accelerator axis A-A’. The x-ray beam axis is always perpendicular 
to and directed through axis А-А’, The projection on the plan view of all target locations lies along the line 
X-X-x. The dotted accelerator outlines correspond to the two horizontal beam accelerator orientations. The 
primary-beam wall shielding includes steel sections (diagonal stripes) inserted flush with the side walls. A 


secondary access door is for emergency use only. 


( Please turn the page for Fig. 2) 


presence of a gap and the decreased attenu- 
ation of the bottom edge of the door where 
à o. 5 inch steel plate substitutes for the lead 
core. 

SUMMARY 


A design objective for megavoltage 
therapy room doors is to limit leakage 
radiation at floor level without encumber- 
ing access or creating door-threshold main- 
tenance problems. This goal is met in a new 
design in which the threshold is a wide 
deep, steel section placed flush with the 
floor surface. A precise narrow gap is main- 
tained between the threshold and the 
undersurface of the shielding door such that 
the radiation leakage under the door is 
below accepted values. 


Im 


C. J. Karzmark 

Department of Radiology 

Stanford University School of Medicine 
300 Pasteur Drive 

Palo Alto, California 


We are indebted to Fire Protection Products 
Company of San Francisco for aid in design of 
the door and for a high standard of construc- 
tion, We thank Dr. R. Loevinger for useful dis- 
cussion and comments. 
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Fic, 2. (4) Photograph of primary access shielding door near floor level. In this view, the 0.060 inch gap near 
the floor is emphasized by a folded white paper placed just below the door. The flush steel threshold is seen 
at floor level. The threshold is welded at each corner of the door opening to vertical steel members which 
provide additional radiation shielding at these vulnerable locations (see Fig. 1). The threshold and vertical 
shield members are integrally tied to the concrete shielding. Door hangers run on a hardened steel “I” 
beam track, the position of which is adjustable. This beam is supported on both ends by structural steel 
angles tied to the concrete and in addition by intermediate concrete anchored suspensions. (8) Primary 
access door detail near floor level. The door itself is 4 inches of sheet lead tightly contained in a rectangular 
box made of o.5 inch steel plate. Decorative plastic panels* cover the door surface and also the removable 
panels behind which the door retracts in its open position. Stainless steel trim is used at the door edges. A 
horizontal stainless steel strip is attached to the outer door surface near the floor to provide a contact 
surface for a positioning roller. The door safety edge consists of two adjacent, vertical 1.5 inch neoprene 
tubes, a “Т” shaped section of sponge rubber, and a plastic cover overall. The sealed tubes are filled with 
air at atmospheric pressure; when the door is closing, physical contact with the safety edge activates a 
pressure-sensitive switch, opening the door. The door-operator clutch and brake are adjusted so that door 
over-travel is less than an inch. 


* These phenol formaldehyde laminations are available in a wide variety of colors and patterns under different trade names; e.g., 
Formica, Formica Insulation Company, Cincinnati, Ohio. 
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INSTRUCTION COURSES OF THE SIXTY-SIXTH 
ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


RESIDENT-ELECT J. Paul Medel- 

man asked that the Section on Instruc- 
tion continue the excellent work of the 
past by arranging a series of Instruction 
Courses also for the Sixty-sixth Annual 
Meeting of the American Roentgen Ray 
Society, which will be held at the Washing- 
ton Hilton Hotel, Washington, D. C., 
September 28-October 1, 1965. 

As 1s known, these courses were initiated 
by President-Elect Edward L. Jenkinson, 
who at the Fortieth Annual Meeting in 
Chicago in 1939, with the approval of the 
Executive Council, created a Section on 
Instruction of that year’s annual meeting. 
Since then, every President-Elect con- 
sidered it most important to ensure con- 
tinuation of these courses as an essential 
feature of the over-all program of the an- 
nual meeting. During these years, the 
rapid advances made in all branches of 
clinical radiology, the commensurate prog- 
ress achieved in the domain of radiation 
physics, radiobiology and some other allied 
sciences and, in particular, the broadening 
scope of nuclear medicine, gradually but 
steadily contributed to further enhance the 
importance of these courses. As a result of 
such phenomenal growth, dissemination of 
the new accomplishments has become an 
inescapable task, and this task 1s admirably 
fulfilled by the Section on Instruction. 

The Society is in the enviable position of 
having had 3 eminent Directors of the 
Section on Instruction who shaped the 


pattern of our quest for knowledge during 
the past quarter century: Dr. B. 
Kirklin, 1939-1948; Dr. H. M. Weber, 
1948—1957; and Dr. Harold O. Peterson, 
1957-1963. During his tenure of office as 
President-Elect of the Society in 1964, Dr. 
Peterson was substituted by Dr. Donn G. 
Mosser, his able Associate. 

This year the Director of the Section on 
Instruction is again Dr. Harold O. Peter- 
son, and the Associate Director, Dr. Donn 
G. Mosser. They have assembled an out- 
standing Faculty of Instructors, comprising 
many new members, who will present new 
topics in conforming with Dr. Peterson's 
“intent of keeping abreast with the de- 
mands of modern radiology." 

The Section will present this year: 16 
single period courses on Diagnostic Roent- 
genology; 7 single period courses on Thera- 
peutic Radiology, Nuclear Medicine, Phys- 
ics and Radiobiology; 10 two period courses 
and 2 three périod courses in Diagnostic 
Roentgenology, and 1 four period sequen- 
tial course on Therapeutic Radiology. This 
latter course will be given, on special invi- 
tation of the Society, by the distinguished 
Radiotherapist, M. Lederman, M.B., 
D.M.R.E., F.F.R., Deputy Director of the 
Radiotherapy Department of the Royal 
Marsden Hospital, London, England. 

A detailed description of the courses and 
of the instructions on registration appears 
elsewhere in this issue of the JouRNAL. 
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Section on Instruction 


Накогр О, Pererson, M.D., Director 
Donn G. Моззе«, M.D., Associate Director 
Titles and Abstracts of Courses Offered 
Sixty-Sixth Annual Meeting 
September 28 to October 1, 1965 
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Tue Insrrucrion Courses for t 
sixth Annual Meeting of the eden 
Roentgen Ray Society will be held on Tues- 
day, Wednesday and Thursday afternoons, 
September 28, 29 and 30, at 3:00 P.M., and 
Friday а October I, at 1:30 Р.М. 
Each course period will be of go minutes’ 
duration and no other official activity will 
be scheduled for this time. 

A special registration desk for these 
courses will be set up near the general 
registration area. Complete information 
concerning the courses as well as tickets for 
those courses still available can be ob- 
tained Monday, September 27, from 8:30 
A.M. to 4:30 P.M. and daily, Tuesday 
through Friday, September 28-October 1, 
8:30 A.M. tO 4:30 P.M. 

Fifteen daily courses will be given on 
each of the first three davs, eight courses on 
Friday. Please note that several of the 
courses will be given in two and three 
sessions. À brief abstract for each course 
will be found on the following pages as well 
as a complete list of the faculty and the 
registration form. There will be one 4-dav 
continuous therapy course by a British 
Radiotherapist. 

Admission to all courses will be by 
ticket. To avoid the confusion usually 
present on the first day of the meeting, 
tickets will be mailed to all those whose 
registration forms (Pink Sheets) reach the 
cae of the Director before September 17, 
1965. The envelope containing the tickets 
will be labelled in a conspicuous manner. 
Please be on the lookout for your tickets 
and remember to bring them to the meeting. 
Tickets will be issued in the order that the 
requests are received but the first mailing 
wil be shortly after September 7, 7965. 


How to Register and Obtain Tickets 


After reviewing the abstracts of the 
available courses on the following pages, 
fill out the pink order sheet. Please make 
three choices for each dav and include the 
course number and name of Instructor tor 
each choice. À $2.00 registration fee is re- 
quired from zonmembers for each course 
attended. Since it is possible to attend only 
one course a day for four davs,the maxi- 
mum fee is $8.00. Members of che Amert- 
can Roentgen Ray Society and graduate 
students or residents in Radiology are not 
required to pay for these courses but must 
fill out the pink order sheet indicating their 
choices. 

Please mail these order sheets to Dr. 
Harold O. Peterson, 1995 West County 
Road “В,” St. Paul, Minnesota 55113. 


THE FACULTY 
1965 


Malcolm A. Bagshaw, M.D., Associate Professor of 
Radiology, Director of Radiotherapy, Stanford 
University School of Medicine, Palo Alto, California 


Stanley Baum, M.D., Assistant Professor of Radiol- 
ogy, School of Medicine University of Pennsylvania, 
Philadelphia, Pennsylvania 


Lewis 5. Carey, M.D., Department of Radiology, 
Saint Joseph's Hospital, Saint Paul, Minnesota 


Giovarni Di Chiro, M.D., Head, Section on Neuro- 
radiologv, National Institute of Neurological Dis. 
eases and Blindness, Department of Health, Educa- 
tion and Welfare, Bethesda, Maryland 


Gerald D. Dodd, M.D., Clinical Professor of Radiol- 
ogy, Jefferson Medical College Hospital, Phila. 
delphia, Pennsylvania 


J. Scott Dunbar, M.D., Associate Professor of 
Radiology, McGill University; Director of Depart- 
ment of Radiology, Montreal Children’s Hospital, 
Montreal, Quebec, Canada 
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Robert L. Egan, M.D., Emory University Clinic, 
Atlanta, Georgia 


Lewis E. Etter, M.D., Professor of Radiology, Falk 
Clinic, School of Medicine, University of Pittsburgh; 
Consultant, Western Psychiatric Institute and 
Clinic, Pittsburgh, Pennsylvania 


Benjamin Felson, M.D., Professor and Director, 
Department of Radiology, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 


Arthur K. Finkelstein, M.D., Professor of Radiology, 
School of Medicine, University of Pennsylvania, 
Philadelphia, Pennsylvania 


William E. Gannon, M.D., Associate Professor of 
Radiology, College of Medicine, State University of 
New York, Brooklyn, New York 


Roy R. Greening, M.D., Professor of Radiology, 
Jefferson Medical College Hospital, Philadelphia, 


Pennsylvania 


George Jacobson, M.D., Professor of Radiology, 
Chairman, Department of Radiology, School of 
Medicine, University of Southern California, Los 
Angeles, California 


Harold G. Jacobson, M.D., Head of the Division of 
Diagnostic Radiology, Montefiore Hospital; Pro- 
fessor of Clinical Radiology, New York University 
College of Medicine; Senior Consultant in Radiol- 
ogy to the Veterans Hospital in the Bronx, New 
York, New York 


M. Lederman, M.B., D.M.R.E., F.F.R, Deputy 
Director, Radiotherapy Department, Royal Mars- 
den Hospital, London; Consulting and Radiothera- 
pist to the Royal National Throat, Nose & Ear 
Hospital, The Metropolitan Ear, Nose & Throat 
Hospital, Moorfields Eye Hospital, The Royal Eye 
Hospital, and Chelsea Hospital for Women, London, 
England 


Richard G. Lester, M.D., Professor and Chairman, 
Department of Radiology, Duke University Medical 
Center, Durham, North Carolina 


Alexander S. Macmillan, Jr., M.D., Instructor in 
Radiology, Harvard Medical School; Radiologist, 
Massachusetts Eye and Ear Infirmary; Radiologist 
to the Harvard Medical and Surgical Services, 
Boston City Hospital, Boston, Massachusetts 


John T. Mallams, M.D., Director, Charles A. Sam- 
mons Department of Radiation Therapy and Nu- 
clear Medicine, Baylor University Medical Center, 
Dallas, Texas 


Richard H. Marshak, M.D., Attending Radiologist, 
The Mount Sinai Hospital, New York, New York 


William Martel, M.D., Associate Professor, Depart- 
ment of Radiology, The University of Michigan 
Medical Center, Ann Arbor, Michigan 
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Harry Z. Mellins, M.D., Department of Radiology, 
State University of New York, Downstate Medical 
Center, Brooklyn, New York 


Harvey Meyers, M.D., Associate Professor of 
Radiology, School of Medicine, University of 
Southern California, Los Angeles, California 


Russell H. Morgan, M.D., Radiologist-in-Chief, The 
Johns Hopkins Hospital, Baltimore, Maryland 


Sidney W. Nelson, M.D., Professor and Chairman, 
Department of Radiology, The Ohio State Univer- 
sity Medical School, Columbus, Ohio 


Charles M. Nice, Jr., M.D., Professor and Chair- 
man, Department of Radiology, Tulane University 
School of Medicine; Director of Diagnostic Radiol- 
ogy, Charity Hospital, New Olreans, Louisiana 


M. Vera Peters, M.D., Assistant Professor in Thera- 
peutic Radiology, University of Toronto; Assistant 
Professor, Department of Medical Biophysics, 
University of Toronto; Senior Radiotherapist, 
Princess Margaret Hospital, Toronto, Ontario, 
Canada 


Gordon Potts, M.D., Assistant Professor of Radiol- 
ogy, College of Physicians and Surgeons, Columbia 
University, New York, New York 


Maurice D. Sachs, M.D., Chief, Radiology Service, 
Veterans Administration Hospital, Associate Pro- 
fessor of Radiology, Western Reserve University 
School of Medicine; Director, Radiology Forest City 
Hospital, Cleveland, Ohio 


Frederic N. Silverman, M.D., Director, Division of 
Roentgenology, The Children’s Hospital, Cincinnati, 
Ohio 

Norman Simon, M.D., Associate Radiotherapist, 
The Mount Sinai Hospital, New York, New York 


Warren K. Sinclair; Senior Biophysicist, Division of 
Biological and Medical Research, Argonne National 
Laboratory, Argonne, Illinois 


Edward B. Singleton, M.D., Clinical Associate Pro- 
fessor of Radiology, Baylor University College of 
Medicine; Director of Radiology, St. Luke's and 
Texas Children’s Hospital, Houston, Texas 


Harry L. Stein, M.D., Assistant Professor Radiology, 
Cornell University Medical College, New York, New 
York 


George N. Stein, M.D., Professor of Clinical Radiol- 
ogy, School of Medicine, University of Pennsylvania, 
Philadelphia, Pennsylvania 


Melvin Tefft, M.D., Consultant in Radiology to the 
Massachusetts General Hospital; Radiotherapist, 
Children's Hospital and Medical Center, and Chil- 
dren’s Cancer Research Foundation; Assistant in 
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Radiology, Harvard Medical School, Boston, 
Massachusetts 


Sidney Wallace, M.D., Instructor in Radiology, 
Jetterson Medical College Hospital, Philadelphia, 
Pennsylvania 


Don C. Weir, M.D., Clinical Professor and Acting 
Director of Radiology, St. Louis University School 
of Medicine, St. Louis, Missouri 


Marvin M.D. Williams, Ph.D., Professor of Bio- 
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physics, Mayo Graduate School, University of 
Minnesota, Rochester, Minnesota 


Robert E. Wise, M.D., Chairman, Department of 
Diagnostic Radiology, Lahey Clinic Foundation; 
Chairman, Department of Radiology, New England 
Baptist Hospital, Boston, Massachusetts 


Martin H. Wittenborg, M.D., Radiologist, Chil- 
dren’s Hospital Medical Center; Associate Clinical 
Professor of Radiology, Harvard Medical School, 
Boston, Massachusetts 


Ernest H. Wood, M.D., Professor of Radiology in 
the College of Physicians and Surgeons, Columbia 
University; Director of Radiology, Neurological 
Institute, Columbia-Presbyterian Medical Center, 
New York, New York 


DESCRIPTION OF COURSES 


COURSE 101 
and 
COURSE 201 


Tuesday and Wednesday 


WILLIAM MARTEL, M.D. 
Ann Arbor, Michigan 


Arthropathies: Differential Diagnosis 


This course will be given in two parts: 

Course 101. Part I 

Course 201. Part II 

Skeletal manifestations of various arthritic dis- 
eases will be discussed, largely from the viewpoint of 
the differential diagnosis. Features are often present 
which permit a definite radiologic diagnosis. 

The following conditions, among others, will be 
discussed: rheumatoid arthritis: ankylosing spondy- 
litis; psoriatic arthritis; Reiter’s syndrome; sclero- 
derma; lupus erythematosus; villonodular synovitis; 
degenerative joint disease; neuropathic joint disease; 
gout; chondrocalcinosis; and infectious arthritis. 
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COURSE 102 


Tuesday 


CHARLES M. NICE, JR., M.D. 
New Orleans, Louisiana 


Roentgen Examination of the Small Bowel: 
Factors Affecting Motility, Pattern 
and Diagnosis 


A series of over 200 normal individuals was studied 
to indicate how preparation of the patient, tvpe of 
barium suspension and position of the patient affected 
the motility and pattern of the small bowel exami- 

nation. Three very important factors influencing the 

examination were found to be the amount of fecal 
material in the cecum, the volume of the opaque 
medium, and the position of the patient while the 
pr ocedure e Was in progress. 

The use of saline, suspending agents, and 
micronized forms of barium also will be discussed. 
Several cases to demonstrate the value of the small 
bowel examination when properly performed will be 
presented. 


COURSE 103 


Tuesday 


RUSSELL H. MORGAN, M.D. 
Baltimore, Maryland 


Screen Intensification and Cineradiography 


This course will deal with the physics and technical 
problems associated with screen intensification and 
cinerad:ography. The discussion will consider those 
aspects of x-ray image formation and perception 
which are important in the fields of screen intensified 
fluoroscopy and motion picture recording, Particular 
attention will be given to the practical problems asso- 
ciated with the use of various intensifier and cine- 
radiographic systems in clinical radiology. 


COURSE 104 


Tuesday 


GEORGE JACOBSON, M.D. 
Los Angeles, California 
HARVEY MEYERS, M.D. 
Los Angeles, California 


The Acute Abdomen: Intestinal Obstruction 
and Other Selected Conditions 


Intestinal Obstruction: A logical approach to the 
roentgenographic diagnosis of small and large bowel 
obstruction will be presented relating the roentgen 
features to altered physiology. The recognition of 
vascular impairment will be stressed. 

Perforated Peptic Ulcer: 'The use of a water-soluble 
contrast medium to examine the upper gastroin- 
testinal tract of patients suspected of having per. 
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forated peptic ulcer and the rationale for the pro- 
cedure will be discussed. 

Non-penetrating Injuries of the Abdomen: The dis. 
cussion will pertain to the roentgen manifestations in 
blunt trauma to the gastrointestinal tract, liver and 
spleen. 


COURSE 105 


Tuesday 
ERNEST H. WOOD, M.D. 
New York, New York 


The Radiology of Subarachnoid Hemorrhage 


Subarachnoid bleeding from potentially treatable 
lesions is being recognized with increasing frequency 
as a cause of acute cerebrovascular accidents. The 
diagnosis of such lesions is one of the most important 
indications for cerebral angiography. The radiologist 
must know when various angiographic procedures 
should be performed and exactly how they should 
be carried out. It is important to have a thorough 
understanding of the pathogenesis of subarachnoid 
hemorrhage for radiologic differential diagnosis. The 
radiologist must appreciate the limitations as well as 
the value of angiography in demonstrating the 
various types of lesions causing bleeding. 

Impending complications of subarachnoid hemor- 
rhage frequently elude clinical recognition, but their 
existence must be known to institute proper treat- 
ment at the optimum time. Incipient infarction, the 
formation of a hematoma, or the development of a 
cerebral herniation can often be diagnosed only by 
radiologic means, and there are many angiographic 
findings that denote such naturally developing 
threats to life. Clinical, radiologic and pathologic 
correlative studies have made it possible to assess 
for prognosis the importance of arterial spasm, 
hematoma formation, impaired blood flow to vital 
centers, collateral circulation, anatomic variations, 
degenerative vascular disease, and numerous other 
angiographic changes. The radiologist plays a signifi- 
cant role in judging the precarious balance in cere- 
bral circulation after intracerebral or subarachnoid 
hemorrhage; his analysis of the angiogram may be 
the decisive factor in the choice of treatment. 


COURSE 106 


Tuesday 
EDWARD B. SINGLETON, M.D. 
Houston, Texas 
Pediatric Chest Abnormalities 

1. Technique 
2. The normal chest and variations of normal 
3. Abnormalities of the thoracic cage 
4. Newborn pulmonary complications: a. varia- 

tions of perinatal distress—hyalin membrane 
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disease, aspiration syndrome and pulmonary 
hemorrhage; b. pneumonias including aspira- 
tion secondary to pharyngeal incoordination 
and esophageal atresia 

5. Congenital anomalies: congenital lobar em- 
physema, congenital cystic malformation, dia- 
phragmatic abnormalities, pulmonary agenesis 
and hypoplasia 

6. Pulmonary abnormalities acquired in later in- 
fancy and childhood: a. types of pneumonia 
and their complications; b. acquired tracheo- 
esophageal fistula; c. foreign bodies; d. fibro- 
cystic disease; e. bronchiolitis 

7. Kare pulmonary conditions: pulmonary alveo- 
lar microlithiasis, neoplastic diseases, pulmo- 
nary fibrosis, hemosiderosis, cytomegalic inclu- 
sion disease 


COURSE 107 
and 
COURSE 207 


Tuesday and Wednesday 


M. H. WITTENBORG, M.D. 
Boston, Massachusetts 


Osseous Manifestations of Systemic 
Disease in Infancy and Childhood 


This course will be given in two parts: 

Course 107. Part I 

Course 207. Part II 

The roentgen diagnostic aspects of bone changes in 
systemic disease will be reviewed. Emphasis will be 
on the changes that are unique to growing bones. 
This will include examples of nutritional, hemato- 
logic, metabolic, and endocrine disorders that are 
reflected in the skeleton by characteristic roentgeno- 
graphic appearances. 


COURSE 108 
and 
COURSE 208 


Tuesday and Wednesday 


FREDERICK N. SILVERMAN, M.D. 
Cincinnati, Ohio 

Course 108. What’s New in Pediatric Radiol- 
ogy? 

Selected recent reports of subjects in the field of 
Pediatric Radiology will be evaluated critically. 
Presentation will be on a body system basis includ- 
ing skeletal, neuromuscular, genitourinary, gastro- 
intestinal and respiratory systems. The selection of 
subjects will be arbitrary but a question period 
should allow for consideration of any important 
omissions. 

Course 208. Gastrointestinal System 


Techniques of examination and review of impor- 
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tant pathologic findings in infants and children will 
be reviewed. Emphasis will be on the recognizable 
and remediable abnormalities, 


COURSE 109 
COURSE 209 
and 
COURSE 309 


Tuesday, Wednesday and Thursday 


ALEXANDER S. MACMILLAN, JR., M.D. 
Boston, Massachusetts 


Sinuses, Mastoids and Laryngopharynx 


Course 109. Sinuses and Orbits 

Course 209. Mastoids and Temporal Bone 

Course 309. Laryngopharynx 

Following a discussion of positioning, normal and 
some acceptable variations of the normal plus vari- 
ous pathologic states will be presented. As much in- 
formation as possible will be given in as short a time 
as possible. Following the presentation, there will be 
opportunity for questions, 


COURSE 110 
Tuesday 


STANLEY BAUM, M.D. 
Philadelphia, Pennsylvania 
GEORGE N. STEIN, M.D. 
Philadelphia, Pennsylvania 
ARTHUR K. FINKELSTEIN, M.D. 
Philadelphia, Pennsylvania 


Selective Mesenteric Angiography in the 
Diagnosis of Gastrointestinal Abnormalities 


Selective mesenteric angiography in the diagnosis 
of gastrointestinal abnormalities is a relatively new 
procedure in this country, but it is rapidly receiving 
widespread acceptance. Its proper and safe employ- 
ment depends upon a skillful team. This course is not 
arranged for experts in this field, but is being pre- 
sented for radiologists who are terested in the sub- 
ject and who may be contemplating the establish- 
ment of such a facility in their own hospital practice. 

There will be a demonstration of the present areas 


of usefulness, and the advantages and limitations of 


abdominal angiography in gastrointestinal diag- 
nosis, as compared with conventional radiologic 
studies of these areas. 

Following a brief review of the historical back- 
ground and a similarly brief explanation of the tech- 
nical procedure and equipment required, the major 
anatomic features will be quickly shown. Most of the 
presentation will be devoted to discussion of the use 


of selective arteriography in certain abnormalities of 


the liver, spleen, pancreas, gastrointestinal tumors, 
vascular anomalies and occlusive vascular disease. 
These topics will be illustrated by brief case histories 
and the conventional film studies by one of the 
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panelists, followed by the other panelist who will 
explain the reason for deciding to perform angio- 
graphic studies in the specific case and a demonstra- 
tion of the results of those studies. 

At the conclusion of the presentation, questions 
will be invited, and answers will be attempted. 


COURSE 111 


Tuesday 


HARRY L. STEIN, M.D. 
New York, New York 


The Application of Angiocardiographic and 
Arteriographic Procedures in 
Emergency Situations 


In the past decade, angiographic techniques have 
assumed a prominent place in the routine daily 
practice of diagnostic roentgenology. These proce- 
dures are being requested and applied more fre- 
quently on an emergency basis than ever before. 

The various angiocardiographic and arteriographic 
methods employed in these situations will be covered. 
The types of emergencies encountered, citing repre- 
sentative cases, will be shown and discussed. 

The broad areas thus covered will include: 
Heart and Great Vessels; (B) Visceral and Peripheral 
Arteriography; and (С) Cerebrovascular Emergen- 
cies, Such entities as pulmonary embolus, dissecting 
aortic aneurysm, renal embolus, visceral and pe. 
ripheral trauma are included. 


(A) The 


COURSE 112 
and 
COURSE 212 


Tuesday and Wednesday 


SIDNEY W. NELSON, M.D. 
Columbus, Ohio 


Bronchography 


Course 112. The radiologist who can properly per- 
form and interpret bronchograms is in a position 
where he can make outstanding contributions to the 
diagnosis and understanding of manv chest diseases. 
The prover therapy for any disease which affects the 
bronchial tree is often dependent upon the accurate 
determination of the nature and extent of the bron- 
chial involvement. Inasmuch as the interpretation of 
bronchograms requires considerable knowledge of the 
normal anatomy of the tracheobronchial tree and 
some of the common anatomic variations, the per- 
tinent anatomy will be discussed and вена 
А good knowledge of bronchial anatomy will enable 
the radiclogist to systematically identify each of the 
major segmental bronchi, because of his knowledge 
of the expected distri bution of each of these bronchi. 
The identification of each of the major segmental 
bronchi is extremely important in interpretation. 


1006 


Once the basic bronchographic anatomy has been 
considered, the details of the bronchographic tech- 
nique will be described. This will include the method 
of performing topical anesthesia, introduction of 
intranasal catheter, method of injecting contrast 
medium in order to assure systematic filling of the 
desired segmental bronchi, proper positioning of 
patient for filling of each segment, and the spot film- 
ing techniques employed to thoroughly record the 
filling of the desired segmental bronchi. This portion 
of the discussion will also include a description of 
some of the characteristic features of various contrast 
materials. The advantages of fluoroscopically con- 
trolled spot filming in comparison with conventional 
large film techniques will be emphasized. Good 
bronchographic technique can be mastered with little 
effort and can be quickly performed by the radiolo- 
gist and his technical staff, thus precluding the 
necessity for resorting to the "team" approach which 
is often so time-consuming and frustrating in large 
busy hospitals. 

Course 212. During the second session the ma- 
jority of the different types of bronchopulmonary 
pathology will be discussed including the following: 
I. Chronic bronchitis: a. spasm; b. excessive secre- 
tions; c. dilated mucosal glands; d. destruction of 
mucosa. 2. Emphysema. 3. Segmental bronchiectasis. 
4. Cystic lesions. 5. Bronchogenic carcinoma. 6. 
Pulmonary “coin” lesions. 7. Bronchial adenoma. 
8. Erosion of bronchi by adjacent calcified lymph 
nodes. 9. Inflammatory strictures. 10. Bronchial re- 
location following atelectasis of surgical removal. 

The value of bronchography in the differential 
diagnosis of many bronchopulmonary diseases will 
be emphasized throughout the course, as for instance, 
atelectasis due to bronchogenic carcinoma or other 
intrabronchial lesions. Segmental bronchiectasis 
with associated chronic pneumonic changes may 
mimic neoplasms on plain chest roentgenograms, 
but can be clearly identified by bronchographic 
methods. Chronic granulomas and other infections 
can frequently be identified by virtue of the bronchi- 
ectatic changes produced in adjacent bronchi, thus 
helping to differentiate these diseases from neoplastic 
processes. Certain pulmonary diseases have very 
specific bronchographic appearances; ¢.g., bronchial 
adenomata, polycystic lung, etc. 

It is hoped that this presentation will encourage 
radiologists to perform this extremely useful roent- 
genographic procedure more frequently in the future. 
In so doing, they will be able to make more signifi- 
cant contributions to the diagnosis and treatment of 
the patients referred to them for study by their col- 
leagues who аге not radiologists. 
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COURSE 121 


Tuesday 


M. LEDERMAN, M.B., D.M.R.E., F.F.R. 
London, England 


Anatomy in Relation to Cancer with Special 
Reference to Head and Neck Tumors 


The upper air and food passages are defined and 
the possible reasons for development of cancers in 
certain parts of the buccal cavity and pharynx de- 
duced from a study of the alimentary grooves. These 
extend from the floor of the mouth to the esophageal 
opening past the tongue and larynx. The grooves are 
in 3 segments: (1) buccal, (п) oropharyngeal, and 
(ш) laryngopharyngeal, and each of them is a fre- 
quent site for cancer. 

The natural history of the cancers encountered 
will be discussed with special reference to their 
therapeutic implications. 


COURSE 122 


Tuesday 


MELVIN TEFFT, M.D. 
Boston, Massachusetts 


The Radiotherapeutic Management of Malignant 
Disease in the Pediatric Age Group 


The radiotherapeutic management of children 
with malignant disease will be discussed. 

The disease entities to be included will be: Wilms’ 
tumor, neuroblastoma, soft tissue sarcoma, lym- 
phoma, acute leukemia, primary bone neoplasia, 
central nervous system tumors, and other miscel- 
laneous entities. 

The discussion will comprise mode of clinical pre- 
sentation, diagnostic investigations, and therapeutic 
management. | 

Prognosis in terms of survival will be discussed in 
regard to age at diagnosis, site of the primary lesion, 
and mode of therapy. 

Special emphasis will be placed on radiotherapeutic 
techniques peculiar to the pediatric age group. 


COURSE 123 


Tuesday 


M. VERA PETERS, M.D. 
Toronto, Ontario, Canada 


The Place of Radiotherapy in the 
Management of Lymphomas 


The differences in the clinical manifestations and 
in the clinical course will be discussed with reference 
to Hodgkin’s disease, lymphosarcoma, reticulum cell 
sarcoma and giant follicular lymphoma. A knowledge 
of these variations is helpful in the management of 
the individual patient since it allows one to anticipate 
the expected course and prescribe accordingly. 
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The curative approach will be stressed for the 
groups of patients offering a good prognosis and the 
plan of management will be presented for each stage 
of the disease in each morphologic group. 


COURSE 202 


Wednesday 


DON C. WEIR, M.D. 
St. Louis, Missouri 


Roentgen Diagnosis of Injury of the 
Cervical Spine 


The ever increasing burden of traffic on the streets 
and highways is resulting in an increase in the fre- 
quency of cervical spine injuries. These injuries repre- 
sent acute medical emergencies and are also impor- 
tant in the realm of medico-legal litigation. 

The atlanto-axial segment of the cervical spine is 
unlike the remainder of the spine both anatomically 
and functionally. Variations in normal alignment, 
dislocations, "rotation deformities,” and fractures 
will be discussed. Reversal, or loss of the normal 
lordotic curve will be evaluated along with a dis- 
cussion of the so-called "whip-lash," the "darling" 
of the plaintiff's attorney and the “bane” of the de- 
fendant's attorney. 

The relative value of cervical diskograms and 
myelograms in injury will be presented. Luschka's 
joints will be discussed and their clinical significance 
evaluated. 

Technical aspects of cervical spine examinations 
will be outlined and evaluation of conventional 
views, flexion and extension, oblique studies, lamin- 
agraphy and special pillar views will be considered. 


COURSE 203 
Wednesday 


LEWIS S. CAREY, M.D. 
Saint Paul, Minnesota 


Congenital Heart Disease 


This course consists of an analysis of the normal 
and abnormal cardiovascular silhouette. The signifi- 
cance of alterations in cardiovascular contour in 
various congenital cardiac malformations will be ex- 
plained in correlative fashion by angiocardiographic 
studies. 


American Roentgen Ray Society 


1007 
COURSE 204 
COURSE 304 
and 
COURSE 404 


Wednesday, Thursday and Friday 


RICHARD H. MARSHAK, M.D. 
New York, New York 


The following entities will be discussed: 

Course 204. Stomach and Duodenum 

1, Gastric Ulcer 

2. Gastritis including Menetriére’s disease (exu- 

dative enteropathy) 

Differential diagnosis of circular defects of the 

stomach including submucosal tumors, aber- 

rant pancreatic tissue, polyps, metastatic 

lesions, and lymphosarcoma 

4. Abnormalities in the duodenal bulb not due to 
duodenal ulcer 
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1. Technique 

2. The malabsorption syndrome 

3. Regional enteritis 

4. Infarction 

s. Tumors 

6. Intramural hemorrhage 

Course 404. Colon 

І. Inflammatory lesions of the colon 

2. Tumors of the colon not including carcinoma 


COURSE 205 
and 
COURSE 305 


Wednesday and Thursday 


ROBERT E. WISE, M.D. 
Boston, Massachusetts 


Cholangiography 


The course will be divided into two periods. 

Course 205. The first will be devoted to a discus- 
sion of oral and intravenous techniques of examina- 
tion of the gallbladder and biliary ducts. Included 
will be current concepts and techniques of oral 
cholecystography. The indications, technique, inter- 
pretation, and pitfalls of intravenous cholangiog- 
raphy will be described in detail. 

Course 305. The second period will be devoted to a 
discussion of direct cholangiography including per- 
cutaneous, operative and postoperative "T.tube" 
techniques. 
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COURSE 206 
Wednesday 


GIOVANNI DI CHIRO, M.D. 
Bethesda, Maryland 


Cisterns and Sulcuses in the 
Normal Pneumoencephalogram 


The normal pneumoencephalographic anatomy of 
cisterns and sulcuses will be reviewed in detail. Par- 
ticular emphasis will be placed on the “critical” 
areas of the endocranial subarachnoidal pathways, 
i.e. on those segments which more often are dis- 
placed or distorted in cases of intracranial space- 
occupying lesions. The pitfalls in the interpretation 
of the cisternal images and the normal variations, at 
the borderline with the pathologic, will be discussed 
at length. 


COURSE 210 
and 
COURSE 310 


Wednesday and Thursday 


J. S. DUNBAR, M.D. 
Montreal, Quebec, Canada 


Pediatric Urology 


Course 210. Technique. The technique of urography 
will be discussed, with particular emphasis on infants 
and young children. The methods of roentgenog- 
raphy, the use and dosage of contrast medium, and 
the indications and contraindications for examina- 
tion will be outlined. Particular emphasis will be 
placed on the diagnosis of chronic urinary infection 
and on lower tract disease. The value of excretory 
urography will be stressed, and the methods of using 
both radiography and cine-fluorography to derive 
maximum information by this method will be out- 
lined. 

Course 310. Urinary Tract Abnormalities. Some of 
the normal variants which may be confused with 
urinary tract disease will be discussed first. Abnor- 
malities will then be demonstrated, including upper 
tract and lower tract obstruction, inflammatory dis- 
ease, renal trauma and new growth. Particular 
emphasis will again be placed on diagnosis of abnor- 
malities in early life, since these are the problems 
which are least familiar to the general radiologist. 


COURSE 211 
and 
COURSE 311 
Wednesday and Thursday 
BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 
Course 211. The Hili and Pulmonary Vessels 
The hili and pulmonary vasculature often provide 
important clues in chest roentgen interpretation. 
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However, variations within the normal range are so 
broad that it often is difficult to distinguish between 
the normal and the abnormal. Working from a back- 
ground of the normal, the course will deal with 
minimal changes in the roentgenogram which indi- 
cate important disease. The discussion will include 
the following areas: (1) hili, (2) pulmonary arteries, 
(3) pulmonary veins, (4) lymphatics, (5) bronchial 
circulation, and (6) azygos system. 

Course 311. Alveolar and Interstitial Lesions in 
the Lung. 

The problem of differential diagnosis of the vast 
array of disseminated pulmonary lesions is an almost 
insurmountable one unless specific patterns can be 
identified on the roentgenogram. It is often possible 
to recognize the diffuse alveolar pattern and, once 
identified, the list of its causes is relatively short. 
The recognition of diffuse interstitial disease 1s con- 
siderably more difficult, but even here it is some- 
times possible to reliably distinguish this pattern and 
thereby reduce the etiologic possibilities to a reason- 
able number. In this course the roentgen features of 
the alveolar and interstitial patterns will be de- 
scribed and the various causes of each will be illus- 
trated. 


COURSE 221 


Wednesday 


M. LEDERMAN, M.B., D.M.R.E., F.F.R. 
London, England 


Tumors of the Nasal Fossae and 
Paranasal Sinuses 


The natural history and the wide histologic variety 
of these tumors can be best understood by a study of 
the anatomy and development of this region. Tumors 
may arise from: (1) the nasal fossae; (2) the maxil- 
lary antra; (3) the ethmoidal air cells; (4) the 
sphenoidal sinus; and (5) the frontal sinus. 

The various clmical and radiologic methods of 
studying and classifying these tumors will be dis- 
cussed. Any treatment policy adopted must take 
into account: 

(1) The limitations of radiotherapy when bone is 

invaded by cancer 

(2) The limitations of surgery in the presence of 

ethmoidal invasion 

(3) The need to conserve the normal eye 

Treatment by radiotherapy alone does not give 
satisfactory results, nor are the results of surgery 
gratifying since most patients present with advanced 
lesions. The policy recommended is radiotherapy and 
surgery in combination, the irradiation with few 
exceptions preceding surgery. 

The preparation and care of the patient and the 
radiation techniques employed at different energies 
will be discussed. Special emphasis will be placed on 
the need for orbital irradiation and the problems 
and techniques of ocular protection. 
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The complications of radiotherapy and the results 
of radiation treatment used alone or in combination 
with surgery will be given—based on a series of 600 
cases seen and treated by the lecturer. 


COURSE 222 


Wednesday 


MALCOLM A. BAGSHAW, M.D. 
Palo Alto, California 


Combined Radiation and Intra-Arterial 
Antimetabolite Therapy 


This course will include a discussion of the theo- 
retic considerations in the selection of certain anti- 
metabolite compounds which might be used in 
combination with radiation therapy for advanced 
carcinoma of the head and neck or pelvis. The tech- 
nical aspects of intra-arterial infusion will be dis- 
cussed in detail, the results and complications in the 
treatment of over £o patients by this method will be 
described. The agents to be considered will include 
methotrexate, 6-mercaptopurine and §-bromodeoxy- 
uridine. 


COURSE 223 


Wednesday 


MARVIN M. D. WILLIAMS, Ph.D. 
Rochester, Minnesota 


Preparing for an Examination in 
Radiological Physics 


The answers given to various types of questions in 
radiological physics, although not entirely incorrect, 
are often unsatisfactory. Frequently, the answer 
given is an equation, a numerical constant, or a 
memorized statement, Thd examinee frequently 
cannot tell (1) what conditiohs must be satisfied in 
order that the use of the equation is justified, (2) 
what the numerical constant represents, or (3) what 
the memorized statement means. This problem and 
some of these questions will be discussed with the 
aim not only of indicating a correct answer but also 
of showing that an acceptable answer is likely to 
follow naturally when the subject matter is under- 
stood. The discussion will include suggestions from 
other examiners in radiological physics. 


COURSE 301 


Thursday 
HARRY Z. MELLINS, M.D. 
Brooklyn, New York 
Voiding Cystourethrography 


The present status of the procedure in both chil- 
dren and adults will be discussed. Methods, criteria 
for diagnosis and limitations of the procedure will be 
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covered. The presentation will be based upon a 
critical review of over 4,000 cases studied during the 
past < vears, 


COURSE 302 
and 
COURSE 402 


Thursday and Friday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


Roertgen Aspects of Some Miscellaneous 
Skeletal Abnormalities 


The skeletal manifestations of the following enti- 
tes will be discussed in two sessions: (1) Paget's 
disease; (2) fibrous dysplasia; (3) aseptic necrosis 
and allied disorders; (4) the reticuloses; (5) Gaucher's 
disease; /6) lymphoma; (7) leukemia; (8) agnogenic 
myeloid metaplasia; (9) neuropathic bone disease; 
(10) pigmented villonodular synovitis; (11) sarcoid; 
(12) tuberculosis; and (13) syphilis. 

The reentgen features of these entities will be de- 
scribed, and although the commonplace findings will 
be demonstrated, a fair amount of emphasis will be 
placed cn the unusual manifestations of these dis- 
orders. in all instances pathologic findings will be 
briefly cescribed, and the concept of relating these 
findings to the roentgen patterns and appearances 
will be s:ressed. 


COURSE 303 
and 
COURSE 403 


Thursday and Friday 


ROBERT L. EGAN, M.D. 
Indianapolis, Indiana 


Over Nine Years’ Experience with Mammography 


Course 303. Introduction and Technique of 

Mammography 

Course 403. Diagnosis of Breast Lesions by 

Mammography 

Over 9 years’ experience has been gained with soft 
tissue roentgenography of the breast in a Tumor 
Institute with an active breast service. These studies 
have proved a highly accurate and valuable adjunct 
to the clinical and pathologic evaluation of breast 
lesions. 

A simple and readily adaptable roentgenographic 
technicue will be presented. Cases illustrative of 
typical benign and malignant disease will be shown 
and the diagnostic features of each described and 
tabulated. Differential diagnosis, sources of error, 
limitations of the procedure and the clinical and 
pathologic implications of the method will be dis- 
cussed. 

The results of a statistical analysis of the first 
1,000 consecutive examinations (all with a follow-up 
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from 1 to g years) will be reviewed. The error in 245 
cases of malignant disease was 0.82 per cent. 


COURSE 306 
and 
COURSE 406 


Thursday and Friday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Normal and Pathologic Roentgen Anatomy of the 
Skull, Paranasal Sinuses and Mastoids 


Course 306. Description of standard techniques 
and positions with illustrated slides for roentgen ex- 
amination of the skull and paranasal sinuses. Com- 
parison of advantages of one projection over another 
with respect to visibility of particular structures. 
General considerations with reference to the cere- 
bral and facial components of the cranium with 
analysis of individual bone components that produce 
the various lines and shadows seen in plain roent- 
genograms of the skull. Examples of pathologic 
alterations of these normal structures will be shown. 
The analysis will cover studies of the sphenoid, 
frontal, temporal, ethmoid, parietal and occipital 
bones in various projections. 

Course 406. Detailed roentgen anatomic analysis 
of the paranasal sinuses, middle ear and mastoid 
processes with description of precision roentgeno- 
graphic techniques employed. Study of the roentgen 
features of the middle cranial fossa and their rela- 
tions to the sphenoid and other paranasal sinuses. 
Consideration of the orbits and optic foramina with 
special attention to the frontal, ethmotd and sphenoid 
bone components in various projections as well as the 
features contributed by the zygomatic and maxillary 
bones. 


COURSE 307 


Thursday 
GERALD D. DODD, M.D. 
Philadelphia, Pennsylvania 
ROY R. GREENING, M.D. 
Philadelphia, Pennsylvania 
SIDNEY WALLACE, M.D. 
Philadelphia, Pennsylvania 


Lymphangiography 

This discussion will include a brief review of the 
historical and experimental background of lymph- 
angiography and detail the technique, indications 
and complications of the intralymphatic injection of 
various contrast media. The roentgen appearance of 
normal lymphatic channels and lymph nodes will be 
stressed with comment on normal variants which 
frequently lead to erroneous interpretation. Various 
abnormal states will be illustrated and current and 


American Roentgen Ray Society 


AuGUsT, 1965 


future avenues of investigation considered. Time will 
be reserved for discussion from the floor. 


COURSE 308 
Thursday 


RICHARD G. LESTER, M.D. 
Durham, North Carolina 


Selective Angiocardiography 


In this course consideration will be given to the 
diagnostic applications of several methods of selec- 
tive angiocardiography, including right sided cardio- 
angiography, left sided cardioangiography and 
selective thoracic aortography. 

Following an analysis of the indications of these 
various types of selective angiocardiography, there 
will be a discussion of methodology with emphasis 
on X-ray apparatus, including cine-radiographic 
techniques, photo-radiographic devices, rapid film 
units, etc. The problem of providing optimal ana- 
tomic detail with data concerning dynamic changes 
in normal and pathologic structures will be outlined. 

The major portion of the session will be devoted to 
the step by step analysis of the details of the diag- 
nostic interpretation of these examinations in a wide 
variety of congenital cardiovascular diseases. Empha- 
sis will be placed on the correlation of angiocardio- 
graphic findings with the findings at surgery and 
necropsy. The importance of detailed analysis of fine 
changes will be stressed. The necessity of precise 
definition of the various lesions and the significance 
of anatomic variations from the point of view of 
surgical correction will be brought out. More com- 
mon congenital] cardiovascular lesions will be dis- 
cussed with emphasis on important variations within 
single diagnostic categories. Less common and rare 
lesions will be demonsérated from the point of view 
of recognition and dn importance in terms of 
operability and corzéction. A brief discussion of the 
role of selective angiocardiography in acquired heart 
disease will also be presented. 

Registrants in the course are invited to bring 
problem cases for discussion and analysis following 
the formal program. 


COURSE 312 
Thursday 


GORDON POTTS, M.D. 
New York, New York 


The Normal Carotid Angiogram 


In this course the following aspects of carotid 
angiography will be discussed: 
I. Technique of puncturing the carotid artery 
2. Selective internal and external carotid angiog- 
raphy 
3. Some aspects of simultaneous biplane filming 
techniques 
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4. The anatomy of the vessels filled during carotid 
angiography 
The more important anatomic variations will be 
described with particular reference to those which 
may simulate the changes caused by mass lesions. 
The angiographic anatomy will be related to the 
gross anatomy of the brain. 


COURSE 321 
Thursday 


M. LEDERMAN, M.B., D.M.R.E., F.F.R. 
London, England 


Oropharynx 


Anatomy and physiology of the different parts of 
the pharynx with special reference to the differing 
histologic tumor types encountered, and importance 
of Waldever’s Ring in relation to tumor pathology. 

Demographic factors in pharyngeal cancer and the 
significance of the Plummer-Vinson syndrome. 

Clinical features of the different forms of cancer 
arising in: 

(1) nasopharynx; 

(2) the oropharynx and its subdivisions; 7,2. soft 
palate, fauces, tonsil, base of tongue and 
postero-lateral pharyngeal walls. 

General principles of treatment with special refer- 

ence to the place of radiotherapy. 

The techniques of radiotherapy for the different 
tumor sites using orthovoltage or megavoltage 
roentgen-rays, and telecurietherapy will be described. 

The complications and results of radiotherapy will 
be given—based оп a series of 1,200 cases seen and 
treated by the lecturer. 


COURSE 


Thursday 


WARREN K. SINCLAIR 
Argonne, Illinois 


Mammalian Cell Radiobiology and Radiotherapy 


Techniques of establishing radiation survival 
curves in single mammalian cells both £z vitro and in 
vivo have resulted in a better understanding of the 
kinetics of cell destruction in vivo. Radiobiologic 
responses which have been examined in detail bv in 
vitro culture methods include the oxygen effect, re- 
covery from sublethal damage, variation of response 
with age in the cell cycle, chromosome changes and 
variations in the properties of surviving cells. Repre- 
sentative results obtained in one cell line both with 
synchronized and asynchronous populations will be 
outlined as an illustration. Some of the problems of 
translating cell culture results to im vivo situations 
will be pointed out and the possible significance of 
results of culture studies for dose fractionation 
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schedules :n radiotherapy discussed. (Work sup- 
ported by the U. S. Atomic Energy Commission.) 
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COURSE 323 
Thursday 


NORMAN SIMON, M.D. 
New York, New York 


Iridium 192 as a Substitute for Radium 


Iridium 192 has become a useful and practical 
substitute ror radium in removable implants of 
tumors. It is more flexible and accurate than radium, 
and the exposure to personnel is less than with ra- 
dium. Afterloading is feasible, and surgical tech- 
niques 1n implantation of tumors with iridium 192 
are varied, Dosimetry is still a problem, and direct 
measurement of radiation in implants should be 
helpful. Irxiium 192 should replace radium for re- 
movable implants, and its advantages may even 
extend the indications for implant of tumors. 


COURSE 401 
Friday 


WILLIAM E. GANNON, M.D. 
Brooklyn, New York 


The Localization of Intracranial Masses 
by Cerebral Angiography 


This course will consist of a method of analyzing a 
cerebral angiogram to localize a space-occupying 
lesion. It wil be assumed that there is no tumor stain 
present. The various types of displacement of the 
anterior cerebral artery, the frontopolar sign and the 
falx sign will be demonstrated. The significance of 
elevation of the middle cerebral group will be dis- 
cussed. The value of the capillary and venous phases 
in the localization of mass lesions will be illustrated. 
Examples of the near and distant effects of a mass 
lesion will also be included. 


ааа O цена. 


COURSE 405 
Friday 


MAURICE D. SACHS, M.D. 
Cleveland, Ohio 


A Practical Approach to Roentgenology 
of the Biliary Tract 


The physiologic anatomy of the biliary tract as 
well as the abnormal findings will be considered in an 
effort to help improve diagnostic acumen. 

Proper dosage will be discussed including a plea 
for discontinuance of so-called “double dose” 
methods. 

A routine technique for oral, intravenous, operative 
and postoperative cholangiography will be presented. 
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The value of а fat meal, a delayed fat meal and the 
role of laminagraphy will be shown. 

Examples of abnormal findings of the biliary tract, 
particularly dysfunction and fibrosis of the sphincter 
of Oddi, adenomyosis, pancreatitis, and carcinoma 
will be presented. 


COURSE 421 
Friday 
M. LEDERMAN, M.B., D.M.R.E., F.F.R. 
London, England 


Larynx and Laryngopharynx 

Problems of tumor classification with special 
reference to the TNM system. 

Natural history of tumors affecting the larynx 
and laryngopharynx and its influence on radiation 
techniques. 

Treatment policy and selection of cases for radio- 
therapy. Relationship between surgery and radio- 
therapy. 

Radiation techniques available for treating tumors 
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of the larynx and laryngopharynx at various ener- 


Postradiation complications and their avoidance. 

Results to be expected from radiation treatment 
based on a series of over 2,000 cases seen and treated 
by the lecturer. 


COURSE 422 


Friday 
JOHN T. MALLAMS, M.D. 
Dallas, Texas 
Pre-Surgical Adjuvant Radiation Therapy 


The experimental information on the adjuvant 
effects of radiation therapy will be reviewed. The 
clinical results and pathologic data of our own and 
other programs will be evaluated. New programs in 
progress at Baylor University Medical Center and 
their rationale will be presented in detail. 

The discussion will consider lesions of the head and 
neck, lung, esophagus, ovary, urinary bladder, bone, 
colon, rectum, and the intra-abdominal sarcomata. 
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CONDENSED SCHEDULE OF COURSES 


3:00 to 4:30 P.M. 


Diagnostic Roentgenology 


101—Martel 


102—Nice 


103—Morgan 


104— Jacobson 


Meyers 


105—W ood 


106—Singleton 


107—Wittenborg 


108—Silverman 


109— Macmillan 


110—Baum 
Stein 
Finkelstein 


111—Stein, Н. 


112—N elson 


Arthropathies: Differential 
Diagnosis, Part I 


Roentgen Examination of 
the Small Bowel: Factors 
Affecting Motility, Pattern 
and Diagnosis 


Screen Intensification and 
Cineradiography 


The Acute Abdomen: Intes- 
tinal Obstruction and Other 
Selected Conditions 


The Radiology of Subarach- 
noid Hemorrhage 


Pediatric Chest Abnormali- 
ties 


Osscous Manifestations of 
Systemic Disease in Infancy 
and Childhood, Part I 


What’g New in Pediatric 
RadiXogy? 


Sinuses and Orbits 


Selective Mesenteric Angio- 
graphy in the Diagnosis of 
Gastrointestinal Abnormali- 
ties 


The Application of Angio- 
cardiographic and Arterio- 
graphic Procedures in Emer- 
gency Situations 


Bronchography, Part I 


September 28, 1965 


Therapsutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


121—Lederman 


122— Tefft 


123— Peters 





Anatomy in Relation to 
Cancer with Special Refer- 
ence to Head and Neck 
Tumors 


The Radiotherapeutic Man- 


agement of Malignant Dis- 
ease in the Pediatric Age 
Group 


The Place of Radiotherapy 


in the Management of 
Lymphomas 


e 
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CONDENSED SCHEDULE OF COURSES 
WEDNESDAY 3:00 to 4:30 РМ. September 29, 1965 





Dj А Therapeutic Radiology, Nuclear Medicine, 
ОВНС cents еваюву Physics and Radiobiology 





201—Martel Arthropathies: Differential 221—Lederman | Tumors of the Nasal Fossae 

Diagnosis Part II and Paranasal Sinuses 

222—Bagshaw Combined Radiation and In- 
tra-Arterial Antimetabolite 
Therapy 


202—Weir Roentgen Diagnosis of In- 
jury of the Cervical Spine 


C | l E ey a eee Jap 
203—Carey ongenital Heart Disease 223— Williams Preparing for an Examina- 


204—Marshak | Stomach and Duodenum tion in Radiological Physics 


205— Wise Cholangiography 
206—Di Chiro Cisterns and Sulcuses in the 


Normal Pneumoencephalo- 
gram 


207—Wittenborg | Osseous Manifestations of 
Systemic Disease in Infancy 
and Childhood, Part II 





208—Silverman | Gastrointestinal System 


209—Macmillan | Mastoids and Temporal 
Bone 


210—Dunbar Pediatric Urology, Tech- 
nique 


211—Felson The Hili and Pulmonary 
Vessels 


212——N elson Bronchography, Part II 
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CONDENSED SCHEDULE OF COURSES 





THURSDAY 
Diagnostic Roentgenology 


| Voiding Cystourethrography 


302— Jacobson, | Roentgen Aspects of some 











H. Miscellaneous Skeletal Ab. 
normalities 
303— Egan Introduction and Technique 
of Mammography 
304—Marshak Small Bowel 
304— Wise Cholangiography 
306—Etter Normal and Pathologic 
Roentgen Anatomy of the 
Skull, Paranasal Sinuses and 
Mastoids, Part I 
307— Dodd 
Greening 
Wallace 
308—Lester 
309—Macmillan | Laryn§ppharynx 
310—Dunbar Pediatric Urology, Urinary 
Tract Abnormalities 
311—Felso Alveolar and Interstitial 
Lesions in the Lung 
312—Potts The Normal Carotid Angio- 


gram 


3:00 to 4:30 P.M. 


September 30, 1965 | 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


321—Lederman | Oropharynx 

322——Sinciair Mammalian Cell Radiobiol- 
ogy and Radiotherapy 

323—Simon Iridium 192 as a Substitute 


for Radium 
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CONDENSED SCHEDULE OF COURSES 
1:30 to 3:00 P.M. October 1, 1965 


: Therapeutic Radiology, Nuclear Medicine, 
Diagnostic Roentgenology Physics and Radiobiology 
401—бСаппоп The Localization of Intra- | 421—Lederman | Larynxand Laryngopharynx 
cranial Masses by Cerebral — $$ 
Angiography 422—Mallams Pre-Surgical Adjuvant Ra- 
— c] — diation Therapy 
402— Jacobson, | Roentgen Aspects of Some 
; Miscellaneous Skeletal Ab- 


normalities 


Diagnosis of Breast Lesions 
by Mammography 


Colon 


A Practical Approach to 
Roentgenology of the Biliary 
Tract 


406—Etter Normal and . Pathologic 
Roentgen Anatomy of the 
Skull, Paranasal Sinuses and 
Mastoids, Part II 
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BOOK REVIEWS 


Bie sent nus review are ac 00223 eae Bois Ret E This n must dd es д asa УЯ tent return ie the 


courtesy of the sender, Selections will be made for review in the interest oj our readers as space permits, 


X-Ray EXAMINATION OF THE Sromacu. A De- 
scription of the Roentgenologic Anatomy, 
Physiology, and Pathology of the Esophagus, 
Stomach, and Duodenum. Revised edition. 
By Frederic E. Templeton, M.D., Clinical 
Professor of Radiology, The University of 
Washington, Seattle, Wash. Pp. $98, with 
many illustrations. Price, $15.00. Univer- 
sity of Chicago Press, Chicago, Hi, 1964. 


This volume is listed as a revised edition, 
written 20 years after the first appearance of the 
book. Although the title remains the same and 
mentions only the stomach, the subtitle tells 
more accurately that this book 15: “a descrip- 
tion of the roentgenologic anatomy, physiology, 
and pathology of the esophagus, stomach and 
duodenum.” It is slightly larger than the 
original. The figures have increased from 297 to 
322. There are 82 more pages, but each con- 
tains slightly fewer printed words. 

There is an interesting introduction by Paul 
Hodges, the former mentor of the author. The 
introduction has been expanded and there are 
up-to-date data about radiographic equipment, 
especially fluoroscopes. A brief chapter on pro- 
tection and additional information concerning 
examination procedures have been added. N 
radiographic figures illustrke the lower esopha- 
gus, hiatal herniation and tke duodenal bulb. 
An expanded section on varieties of examina- 
tion and useful hints on practical technique 
show the touch of an experienced and thought- 
ful clinical radiologist. The reviewer believes 
this book 1s the best available account of how 
to perform a fluoroscopic examination, stressing 
as it does the procedural steps in fluoroscopy 
and spot-filming. 

In the chapters considering various disease 
entities, anatomic, physiologic and pathologic 
features are closely correlated to radiographic 
appearance. The chapters on inflammations, 
ulcers, and neoplasms are excellent. As do most 
explanations of the complexities of the lower 
esophagus, the account in this book leaves some 
confusion in the reader’s mind. It is interesting 
that the author claims priority for illustrating 
the lower esophageal ring (in the first edition, 













1944), and says that the ring is a structural por- 
tion of the phrenic ampulla of the esophagus. 
From the literature of the last 20 years, the 
author selects only 40 new references to add to 
almost 400 trom the prior 30 years. If this seems 
a little ungenerous to workers of the past two 
decades, one may note in the prologue a quota- 
tion from Ecclesiastes: “Nothing under the sun 
is new.... For it hath already gone before in 
the ages that were before us.” In a sense, there- 
fore, this is the testament of an older radiolo- 
gist, although it is still the basis on which most 
of us have to work. Image amplification, cine- 
radiography and video-taping will have to be 
evaluated by a new generation. 
In summary, this 1s a conscientious report by 
a very abe radiologist. It will be extremely 
helpful to гле resident who is try ing to develop 
a personal competence in examination. It will 
also appea. to most experienced radiologists as 
an excellent practical review of a phase of 
radiology that occupies a considerable share of 
their personal attention. 
SEYMOUR Fiske OCHSNER, M.D. 


ANATOMICO-ROENTGENOGRAPHIC STUDIES OF 
THE Spink. Ву Lee A. Hadley, M.D., Senior 
Attending Roentgenologist, Syracuse Memo- 
rial Hospital, Syracuse, N.Y.; Lecturer in 






Radiology, Upstate Medical Center, New 
York State University, Syracuse, N.Y.; 


Former Clinical Associate Professor of Public 
Health, Syracuse University College of 
Medicine, Syracuse, N.Y. Cloth. Pp. 545, 
with many illustrations. Price, $26.00. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, HL, 1964. 
This bock merits attention because it focuses 
on the correlation between the radiologic ap- 
pearance and the morphologic and histologic 
findings in a variety of conditions. It is en- 
riched by the frequent and effective use of long 
term follow-up studies of individual patients 
clearly shewing the late sequelae of particular 
lesions. The illustrations are quite plentiful 
and of excellent quality. Often different ex- 
amples of the same type of abnormality are 
included and, in places where the text is concise 
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and the illustrations numerous, the book takes 
on the appearance of an atlas. The legends are 
comprehensive and many include capsules of 
clinical information which enhance the reader’s 
interest. 

The book is not intended as a “complete text 
book" of spinal diseases. As a result, the subject 
matter is dealt with unevenly and the chapter 
organization is rather unconventional. Some 
chapters are organized on an etiologic basis, 
others on anatomic or regional considerations 
and some include rather diverse and miscel- 
laneous conditions. Chapters which are par- 
ticularly well done are those on normal and 
abnormal development, the cervical region, the 
intervertebral articulations and the effects of 
degenerative changes. Subjects which are dealt 
with less extensively include endocrine and 
metabolic diseases, infections and tumors. A 
bibliography, organized according to subject, 
appears at the end of each chapter. However, 
there are relatively few specific references in 
the text. It would have been preferable to 
indicate more often the source of the observa- 
tions. 

The book reflects the author’s long experi- 
ence. It is recommended to radiologists, ortho- 
pedic surgeons, neurologists and allied special- 
ists interested in spinal diseases. 

WiLLiAM ManrzL, M.D. 


BOOKS RECEIVED 


INTERNATIONAL CONFERENCE ON Avran TUMOR 
Viruses, National Cancer Institute Monograph 
17, December, 1964. Sponsored by National Can- 
cer Institute, National Institutes of Health, 
Bethesda, Md., and Duke University School of 
Medicine, Durham, N. C. Edited by Joseph W. 
Beard. Cloth. Pp. 803, with many illustrations. 
Price, $6.25. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C., 
1965. 

PracticAL Gamma SPECTROMETRY. By А. J. 
Duivenstijn and L. A. J. Venverloo. Cloth. Pp. 
146, with 67 illustrations. Price, $7.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill., 1965. 

DosEMETERS For X-Ray Diacnosis. By K.Reinsma. 
Cloth. Pp. тло, with 36 figures. Price, $4.50. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ш., 1965. 

Mepica, X-Ray TECHNIQUE: PRINCIPLES AND 
APPLICATIONS. Second edition. By G. J. van der 
Plaats, M.D. Cloth. Pp. 496, with 260 illustra- 
tions. Price, $14.50. Charles C Thomas, Publisher, 
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301-327 East Lawrence Avenue, Springfield, Ill., 
1965. 

КАРТОЈЗОТОРЕ5 AND THEIR INDUSTRIAL АрРРІЛСА- 
TIONS. By H. Piraux. Cloth. Pp. 266, with many 
illustrations. Price, $14.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill., 1965. 

MyzLoanaPHuy. By Vincenzo Valentino, Docent of 
Neuroradiology, University of Naples, Naples, 
Italy. Cloth. Pp. 273, with 221 illustrations. 
Price, $19.50. Charles C Thomas, Publisher, 301— 
327 East Lawrence Avenue, Springfield, Ill., 1965. 

ULTRASONIC ENGINEERING. By Julian R. Frederick, 
Associate Professor of Mechanical Engineering, 
University of Michigan. Cloth. Pp. 379, with many 
illustrations. Price, $15.00. John Wiley & Sons, 
Inc., Publishers, 605 Third Avenue, New York, 
N. Y., 1965. 

A Dtascnostic APPROACH TO Снезт DISEASES: 
DIFFERENTIAL ПЛАОМОЗЕЗ BASED on ROENTGENO- 
GRAPHIC PATTERNS. By Glen A. Lillington, B.Sc., 
M.D., M.S. (Med), F.R.C.P. (C), Section of 
Medicine, Palo Alto Medical Clinic; Research 
Associate, Palo Alto Medical Research Founda- 
tion; Clinical Assistant Professor of Medicine, 
Stanford University School of Medicine; and 
Robert №. Jamplis, В.А., M.D., M.S. (Surg), 
Е.А.С.5,, Section of Thoracic Surgery, Palo Alto 
Medical Clinic; Research Associate, Palo Alto 
Medical Research Foundation; Clinical Assistant 
Professor of Surgery, Stanford University School 
of Medicine. Cloth. Pp. 508, with many illustra- 
tions. Price, $14.50. The Williams & Wilkins 
Company, Baltimore, Md., 1965. 

PLannine FOR МЕРІСАІ, Prooress Гнвоџон Ерт. 
CATION. A Report Submitted to the Executive 
Council of the Association of American Medical 
Colleges. By Lowell T. Coggeshall, M.D. Paper. 
Рр. 107, with somg charts. Price, $2.00. Associa- 
tion of Ameri Medical Colleges, 2530 Ridge 
Avenue, Ev п, Ш., 1965. 

МЕрІсАІ Uses оғ Raprum AND Rapium SUBSTI- 
TUTES. Conference Summary and Conclusions, 
University of Chicago, September 3 & 4, 1964. 
Paper. Pp. 4o. U. S. Department of Health, Edu- 
cation, and Welfare, Public Health Service, Wash- 
ington, D. C., 20201, 1965. 

Putmonary DirrusiNG Capacrry FoR CARBON 
MONOXIDE IN RELATION TO CARDIAC OUTPUT IN 
Man. By Jan Bjure, Department of Clinical 
Physiology, Sahlgrenska Sjukhuset, University of 
Göteborg, and Department of Clinical Physiology, 
University of Umeå, Sweden. Paper. Pp. 113. The 
Scandinavian Journal of Clinical & Laboratory 
Investigation, Volume 17, Supplementum 81, 
1965. 

VISUAL PRINCIPLES Or ELEMENTARY Human ÁNAT- 
oMy. By Charles E. Tobin, Ph.D., Professor of 
Anatomy; and Peter Ng, B.F.A., M.S., Medical 
Illustrator, The University of Rochester School of 
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Medicine and Dentistry, Rochester, N.Y. Paper. 
Pp. 102, with many illustrations, Price, $2.50. 
Е. A. Davis Company, Publishers, 1914-16 Cherry 
Street, Philadelphia, Pa., 1965. 

IMPLICATIONS TO Мах or [RRADIATION BY ĪNTER- 
NALLY DEPOSITED SrRONTIUM-89, STRONTIUM-9O, 
and Cestum-137. A report of an Advisory Com- 
mittee from the Division of Medical Sciences, 
National Academy of Sciences, National Research 
Council, Washington, D.C., December 1964. 
Paper. Pp. 34. Federal Radiation Council, Wash- 
ington, D. C., 1965. 

BACKGROUND MATERIAL FOR THE DEVELOPMENT OF 
RADIATION PROTECTION STANDARDS: PROTECTIVE 
ACTION GUIDES FOR STRONTIUM-80, STRONTIUM- 
go, and Сеѕі0м-137. Staff Report of the Federal 
Radiation Council, May, 1965. Report No. 7. 
Paper. Pp. 44. Price, $0.30. Superintendent of 
Documents, U. S. Government Printing Office, 
Washington, D. C., 20402, 1965. 

RGONTGEN-UND KERNPHYSIK: FUR MEDIZINER UND 
BioeuvsikER, By Prof. Dr. Dr. h. c. Richard 
Glocker, and Doz. Dr. Eckard Macherauch. Cloth. 
Pp. 520, with 375 illustrations. Price, Ganzleinen 
DM 69,. Georg Thieme Verlag, Postfach 732, 
Herdweg 63, 7000 Stuttgart 1, Germany, 1965. 

Neve ERGEBNISSE DER BIOPHYSIKALISCHEN FOR- 
scHUNG. From the Max Planck-Institut für Bio- 
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physik Frankfurt am Main, aus Anlass seines 
fünfundzwanzigjáhrigen Bestehens. Paper. Рр. 
168, with 64 illustrations. Price, DM 26,-. Georg 
Thieme Verlag, Postfach 732, Herdweg 63, 7000 
Stuttgart 1, Germany, 1965. 

Ах EVALUATION ОЕ А METHOD rog DETERMINATION 
or Free CORTICOSTEROIDS IN MINUTE QUANTITIES 
or Mouse Priasma. By J. Н. Solem, and Т. 
Brinck-Johnsen. Paper. Pp. 14 with some illustra- 
tions. The Scandinavian Journal of Clinical & 
Laboratory Investigation. Volume 17, Supple- 
mentum 80. Oslo, 1965. 

ABRIDGED Screntiric PusLiCcATIONS, Volume 40, 
1963. From the Kodak Laboratories. Paper. Pp. 
257, wita many illustrations. Published by Depart. 
ment of Information Services, Research Labora- 

tories, Eastman Kodak Company, Rochester, 

N.Y., 1965. 

Eine UNTERSUCHUNG DER FERSENBELASTUNG BEIM 
GEHEN: EINE METHODE РИК DIE MESSUNG DER 
lVERsENBELASTUNG IM бенун. By Hilding Wetzen- 
stein. Paper. Pp. 94, with many illustrations, Acta 
Orthopaedica Scandinavica. Supplementum No. 
76. Stockholm, 1964. 

Tug George Вахта Company STORY, 1902-1962. 
By C. A. Peerenboom. Paper. Pp. 255, with 
many illustrations, George Banta Company, Inc., 
Menasha, Wis., 1965. 





THE BRITISH INSTITUTE OF RADIOLOGY 


LONDON —1i3th-17th September, 1965. 


Radiologists, Radiotherapists, Physicists and Radiobiologists visiting England on their way to the Rome 
International Congress of Radiology are invited to write to The Secretary of The British Institute of Radiol. 
ogy, 32 Welbeck Street, London, W. 1., where assistance may be obtained in planning hospital visits and 
where it is hoped to hold scigntific and social meetings. 


* 
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ABSTRACTS OF RADIOLOGICAL 
LITERATURE 


INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 
HEAD 


Gros, Сн. M., and WACHENHEIM, A.: A radio- 
logic critique of basilar impression... ..... 
Gass, J. D. M.: Orbital and ocular involvement 
in fibrous дузрјазіа...................... 
Terrane, K.: Malformations of the inner and 
middle ear due to thalidomidembryopathy— 
results of roentgentomographic examina- 
Hons Of the ef. aas ee аиан 
Frank, К. M., Herp ty, J., and Рнилрре, E.: 
Acquired dental defects and salivary gland 
lesions after irradiation for carcinoma... .. 
Вкавакр, H.: Problems of the roentgen diag- 
nosis of ameloblastoma in West Africa..... 
Hastines-James, R.: Tumors of the eighth 
Craniai nerve in roentgen diagnosis........ 
CounviLLE, C. B.: Contrecoup injuries of the 
brain in infancy: remarks on the mechanism 
of fatal traumatic lesions of early life. ..... 
Араром, B. D. et al: Cerebral ultrasonic 
tomography uuo icis Ree RE nA Pte 
GiLLoT, CL. et аі: Cerebral veins and cranial 
sinuses: normal aspects demonstrated by the 
occlusive phlebographic method.. ........ 
Кмснеғе, І. I, Сназе, N. E., and Ranso- 
НОРЕ, J. R.: The angiographic investigation 
of ruptured intracranial aneurysms........ 


Neck AND CHEST 


Harper, К. A. K., and Guyer, P. B.: The 
radiological features of thymic tumors: a re- 
view of sixty-five саѕеѕ................... 

Lana, E. K.: Arteriographic diagnosis of the 
thoracic outlet зупдготез................ 

SrEcKEL, К. J., and Свпло, Н. C.: Catheteri- 
zation of the trachea and bronchi by modi- 
fied Seldinger technic: a new approach to 
bronchography.......... REIR 

Косн, B.: Familial fibrocystic pulmonary dys- 
plasia: observations in one family........ 

Harrer, E.: The so-called “lower esophageal 
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ABDOMEN 


WernBera, P. E., and Levin, B.: Hyperplasia 
of Brunner'sglands.........- eese 


1023 


1023 


1027 


1028 


Houston, C. S., and Wirrensore, M. H.: 
Roentgen evaluation of anomalies of rota- 
tion and fixation of the bowel in children... 

Корне, U., and Keats, T. E.: Granulomatous 
colitis in children cus od eut eee keeway 

Cuno, №. P. H., and Batuincer, У. F., П: 
Perforation of the colon, secondary to the 
meconium plug syndrome................ 

Brown, B. Sr. J.: Defecography or anorectal 
studies in children including cinefluoro- 
graphic observations...... "eO m 

Neaman, M. P.: Comparative evaluation of 
adjuvants to barium enema examinations: 
use of oxyphenisatin and tannic acid. ..... 


GYNECOLOGY AND OBSTETRICS 


WanrIELD, C. L, and Suerer, M. G.: Stein- 
Leventhal зупдготе..................... 
Bank, Н. e al.: Recurrence of adrenal carci- 
noma during pregnancy with delivery of a 
normal child s oce ELE EAE EE 


GENITOURINARY SYSTEM 


ANTOINE, В. ef al.: Precalyceal canalicular ec- 
tasia: study based on 21 cases of Cacchi and 
Ricci disease, so-called “sponge kidneys”... 


RADIATION THERAPY 


Minton, J. P. et al.: The effect of neodymium 
laser radiation on*two experimental malig- 
nant tumor зув|ет8. . 2... .............. 


RADIOISOTOPES 


Morrison, R. T. е al.: Scintiencephalography 
for the detection and localization of non- 
neoplastic intracranial lesions............. 

Overton, M. C., ПІ, eż al.: A comparison of 
mercury and mercury chlormerodrin in 
clinical brain scanning.................-. 

CANIGGIA, A., GENNARI, C., and Cesar, L.: 
Intestinal absorption of “Ca in stone-form- 
ing Datlehta. cc sco oe e seaweed EP AY SA 

Mena, IL, and Тномзем, P.: Detection of 
heart shunts by means of 185]............. 

Fava, G., and Roncoront, L.: Possibilities and 
practical applications of the "scanner" 
Nukab with magnetic memory............ 
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ROENTGEN DIAGNOSIS 


Heap 


Gros, Сн. M., and WACHENHEIM, A. Critique 
radiologique de l'impression basilaire. (A 
radiologic critique of basilar impression.) J. 
de radiol., d'élecirol. et de méd. nucléaire, Dec., 
1964, 45, 781—788. (From: Service Central de 
Radiologie and Clinique Neurologique de 
Strasbourg, France.) 


Basilar impression usually is congenital and due 
to lack of expansion of the posterior fossa, so that 
the region of the foramen magnum is invaginated. It 
is nof due to ascension of the first two cervical verte- 
brae, although the radiologist may be put off the 
track and fail to evaluate the hypoplasia because he 
js accustomed to making the diagnosis from certain 
bench-marks, usually those found in lateral views. 
The authors find these insufficient and rely also on 3 
lines, all drawn on posteroanterior tomograms 
made in the nose-forehead position with the cuts at 
the level of the odontoid. These are: (1) the bidi- 
gastric line, drawn between the digastric grooves 
(mastoid notches); (2) the bimastoid line, drawn 
through the tips of the mastoids; here the tip of the 
odontoid should be tangent to this or not more than 
7 mm. above it; and (3) the condylo-atloid angle. 
Lines through the joint surfaces here will normally 
meet in the midline at 124° to 134°. 

The basilar line is one in the lateral view which 
also is of particular use. The odontoid is just tan- 
gential to this line, which is a downward prolonga- 
tion of the clivus. It is used not so much to show a 
basilar impression as it is to differentiate occipital 
luxations. 

It ig not enough for the radiologist to make the 
diagnosis, but he should describe the distinct osseous 
aberration which has produced the deformity. These 


are: ~ 


I, DYSHARMONIC BASILAR IMPRESSIONS. 
a. Bast-occipital dysplasia. 

—simple shortening of the clious, which nor- 
mally is 3.2 cm.+.3. A shortening gives an 
anterior basilar impression. 

—shortening, straightening and hypoplasia of 
the clious which give an anterior impression, 
plus a posterolateral one associated with 
condylar and lateral occipital deformities. 

b. Occipital condylo-lateral or posterolateral im- 
pressions. 

—condylar form. Hypoplasia or aplasia of the 
condyles. The condylo-atloid angle is in ех- 
cess of 135°. 

—posterolateral form. This is best demonstrated 
by evaluating the bidigastric line. 

c. Partly or completely unilateral due to а 
lateral dysplasia. 


Abstracts of Radiological Literature 


1023 


2. HARMONIC BASILAR IMPRESSIONS. The aplasia is 
proportionate. 

a. Associated impressions. These are slight and 
often accompany other deformities of the 
cervico-occipital joint. 

b. Acquired impressions. These may appear in 
Paget’s, Lobstein's, Recklinghausen's and 
Bechterew’s diseases. Generally they are of the 
posterolateral type. 


There are lesions in which the odontoid passes 
above Chamberlain’s line which are not basilar im- 
pressions, specifically an anterior luxation of the 
occiput, odonto-atloid diastasis and malformations 
of the atlas. These are differentiated from basilar 
impressions by evaluating the base of the occiput, 
the bidigastric line and the condylo-atloid angle.— 
Frank A. Riebel, М.Р. 


Gass, J. Donatp M. Orbital and ocular in- 
volvement in fibrous dysplasia. South. M. 7., 
March, 1965, 58, 324-329. (From: Univer- 
sity of Miami School of Medicine, and the 
Bascom Palmer Eye Institute, Miami, Fla.) 


This report concerns itself with case histories of 3 
patients having progressive unilateral occular com- 
plaints secondary to fibrous dysplasia limited to the 
orbit. In each instance, the disease was eradicated by 
surgical excision. 

Fibrous dysplasia of the skull, as elsewhere, usu- 
ally has a characteristic roentaenographic appear- 
ance. However, when the orbital plate of the frontal 
bone is involved fibrous dysplasia may resemble a 
meningioma. In this respect, it is well to remember 
that fibrous dysplasia usually occurs in children and 
adolescents, while meningioma is typically seen in 
adults.—‘Fohn H. Harris, Fr., М.Р. | 


TERRAHE, К. Missbildungen des Inner- und 
Mittelohres als Folge der Thalidomidem- 
bryopathie—Ergebnisse von Róntgenschicht- 
untersuchungen des Ohres. (Malformations 
of the inner and middle ear due to thalido- 
midembryopathy—results of roentgentomo- 
graphic examinations of the ear.) Forzschr. a. 
d. Geb. d. Rénigenstrahien и. d. Nuklearmedi- 
шп, Jan., 1965, 702, 14-29. (Address: 
Kardinal-von-Galen-Ring 10, 4400 Münster/ 
Westfalen, Germany.) 


Tomography of the middle and inner ear has made 
great progress in recent years since the introduction 
of pluridimensional blurring with the polytome. Its 
aid in the investigation of congenital defects is in- 
valuable. Thalidomidembryopathy of the ear occurs 
frequently, being only second to dysplasias of the 
extremities. Less often encountered are atresias of 
the gastrointestinal tract, congenital heart lesions 
and facial hemangiomas. 
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Tomographic studies are most important in de- 
ciding operability and specific surgical planning. 
Thirty-seven out of 180 patients have been selected 
so far, because bilateral involvement resulting in 
deafness makes a plastic operation at an early date 
desirable. Technically, tomograms in the antero- 
posterior and Stenvers projection yield sufficient 
information, 

The inner ear was involved 55 times, unilaterally 
in 19 and bilaterally in 17 patients. Dysplasia and 
aplasia of the lateral semicircular canal occurred 
most frequently (25 times). The superior semicircu- 
lar canal and the cochlea were less often involved. 
When the posterior semicircular canal was also 
absent, the entire inner ear was aplastic. This hap- 
pened I2 times with 2 patients exhibiting bilateral 
involvement and narrow internal auditory canal, 
elevation of the bulbus of the jugular vein and a 
flattened carotid canal. In 3 instances, the entire 
labyrinth was aplastic. 

The middle ear displayed a variety of malforma- 
tions of the tympanic cavity and of the ossicles, The 
facial.nerve canal was often narrowed due to 
mechanical compression. A frequently encountered 
facial paralysis, however, was unrelated but rather 
due to dysplasia of the central nucleus of the facial 
nerve. On the other hand, a narrow or obliterated 
internal auditory canal suggested aplasia or hypo- 
plasia of the acoustic nerve.— Ernest. Kraft, M.D. 


Frank, К. M., Некрту, J., and Рнпилрре, E. 
Acquired dental defects and salivary gland 
lesions after irradiation for carcinoma. 7. 
Am. Dent. A., April, 1965, 70, 868-883. 
(Address: Dr. Frank, Institut Dentaire, 
Faculté de Médecine, Strasbourg, France.) 


The authors followed 61 patients, who had re- 
ceived radiation therapy for carcinomas of the oral 
cavity, ora- and nasopharynx, hypopharynx and 
larynx, in an attempt to substantiate the premise 
that acquired dental defects after irradiation bear a 
direct relationship to alterations of the salivary 
glands and the secretion of saliva. A careful review of 
the literature seemed to point strongly to this cause 
and effect relationship. The patients who made up 
the present study consisted of 59 who had been 
treated with cobalt 60 teletherapy and 2 who had 
radium implants combined with external roentgen- 
ray irradiation. Particular care was taken to note 
whether or not the teeth were outside or inside the 
treatment field, and also the dose to the parotid and 
submandibular glands, which with cobalt 60 therapy 
usually ran in the neighborhood of 5,000 to 6,000 r 
on each side. Symptoms such as a loss of taste, dry- 
ness to the mouth and a sensation of bitterness were 
also recorded. The salivary flow was determined, and 
its quality noted. A histologic study of the salivary 
glands, secured from radical neck dissections, was 
carried out. 
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The authors found that in all patients who had 
dental defects acquired after radiation therapy, the 
salivary glands had been included in the field of 
irradiation. In 6 patients with no subsequent dental 
defects, the salivary glands had been completely 
outside of the radiation field; or only one side had 
been irradiated. In the patients with acquired dental 
defects, it was found that the dental lesions were 
identical regardless of whether the teeth were out- 
side or inside the radiation field. Histologically, the 
dental lesions were similar to dental caries, differing 
only in their location. The acquired defects were 
located usually on the buccal, palatal, or lingual sur- 
faces, and the incisal or occlusal edges, areas usually 
spared by dental caries. These are areas similiar to 
those seen in children with congenitally absent 
salivary glands or in Sjogren syndromes—areas 
that in normal individuals are protected by salivary 
flow. 

It was found that in patients who received con- 
siderable radiation to their salivary glands, there 
was a drastic reduction in salivary flow, which on 
occasion lasted as long as 5 years after therapy, but 
which usually increased again after 2 to 6 months. 
After irradiation of the salivary glands, the saliva 
that was produced consisted of a thick, viscid, 
cloudy, discolored solution. There was a definite in- 
crease in the nitrogen content and a marked lowering 
of the pH. This was most dramatic 2 to 5 months 
after irradiation, and tended to rise again 2 to 6 
years later. This altered saliva covered the teeth and 
provided an excellent substrate for bacterial attacks. 
Ihe salivary glands themselves showed pronounced 
glandular atrophy, fibrosis, and adiposis. Ín con- 
trast to this, patients who were given radiation 
directly to the jaws and teeth, but not to the 
salivary glands, failed to develop dental lesions even 
3 years after therapy, and had a normal production 
and appearance of their saliva. The lubricating, 
moistening, diluting, cleansing, neutralizing, and 
antibacterial actiorfs of the saliva were in evidence. 

The authors would like to see a reappraisal of the 
commonly held belief that teeth must be extracted 
prior to radiotherapy as a preventive measure. They 
also suggest that the radiotherapist should carefully 
consider the possibility of avoiding salivary gland 
irradiation whenever technically possible-—Kenneth 
M. Nowicki, M.D. 


Вкавамр, Н. Probleme der Róntgendiagnostik 
des Ameloblastoms in Westafrika. (Problems 
of the roentgen diagnosis of ameloblastoma 
in West Africa.) Fortschr. а. d. Geb. d. Кӧт- 
genstrahlen и. d. Nuklearmedizin, March, 
1965, 702, 310-319. (From: Department of 
Radiology of University College Hospital, 
Ibadan, Nigeria.) 


Ameloblastoma of the mandible originates from 
the dental epithelium. Several variations exist 
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roentgenologically and histologically. In West Africa, 
the disease is predominantly encountered in the 
native Bantu population. It develops especially in 
the third decade of life, and there is a male prepon- 
derance of 3:1. 

The author observed the tumor in £o patients, 
The histories suggested a gradual swelling of the 
mandible, especially the left, over a period of 2 to 3 
vears. Occasionally, the tumor could be traced back 
5 years without causing any considerable incon- 
venience or pain. The area between the third lower 
molar and the angle of the mandible was the usual 
starting point, from where it extended to the hori- 
zontal and the ascending rami. The tumor consisted 
of larger and smaller cysts containing clear to turbid 
Huid. Secondary infection and ulceration were rarely 
observed. 

Histologically, the following types can be dis- 
tinguished: (1) fibro-ameloblastoma, (2) melano- 
ameloblastoma, (3) hemangio-ameloblastoma, and 
(4) adeno-ameloblastoma. 

Roentgenologically, the unilocular or monocvstic 
form causes difficulties of differential diagnosis. It 
may simulate a dental cyst when it extends to the 
root of a tooth. A very large cyst, however, suggests 
ameloblastoma, The development of osseous septa 
and trabeculae within the tumor is quite character- 
istic. Multiple cystic cavities are most typical al- 
though they can masquerade as multiple dental cysts, 
giant-cell tumors, aneurysmal bone cysts, osteo- 
fibroma and fibrous dysplasia. 

In 5 per cent of all tumors of the jaw, atypical 
roentgen appearances prevented a definite diagnosis 
due to a far advanced stage and degenerative 
changes.—Ernest Kraft, M.D. 


Hastines-James, К. Tumors of the eighth 
cranial nerve in roentgen diagnosis. 7. 
Canad. A. Radiologists, March, 1965, 70, 
19-24. (From: The Victoria General Hospi- 
tal, Halifax, Nova Scotia, Canada.) 


This paper discusses the roentgeonologic findings 
in 18 cases of 8th nerve tumor. There were 12 male 
and 6 female patients. The time of onset was for the 
most part in later middle age. 

The clinical findings are listed according to fre- 
quency of occurrence. It is noted that increased 
intracranial pressure is a rather frequent finding. 
The sella turcica was considered to be normal in $ 
patients, The 13 abnormal appearing sellae showed 
varying degrees of thinning and demineralization of 
the dorsum sellae and posterior clinoids, the changes 
being considered marked in 7 and slight in 6. Promi- 
nent emissary channels were seen in 10 cases. 

The roentgenologic appearances produced by the 
tumor involving the 8th nerve in its course through 
the temporal bone have been described in previous 
reports. Bone changes are seen in about 84 per cent 
of cases by the time the patients present for exami- 
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nation. The alterations produced тау be considered 
as both quantitative and qualitative, the former con- 
sisting of a widening of the internal auditory canal, 
and the latter a change in the appearance of the 
bone locally. 

The author made careful measurements of the 
width of the internal auditory canal at corresponding 
points on the two sides, and believes that this com- 
parison is important. While the 17 normal canals 
measured an average of 5.5 mm., the 19 abnormal 
ones averaged 9.5 mm. in width. The finding of a 
normally wide meatus in the presence of an acoustic 
neuroma is rarely due to the small size of the tumor 
but rather to its central location, with absence of 
extension into the more peripheral canal. Changes of 
a qualitative nature are frequently the chief finding. 
These were seen in 10 cases and consisted of local 
decalcification or erosion of the bone, 

Pneumoencephalography was found to be the most 


useful of the special procedures. —Douglas $, Kellogg, 
ALD. 


Соскунље, Суки, B. Contrecoup injuries of 
the brain in infancy: remarks on the mecha- 
nism of fatal traumatic lesions of early life. 
4.М.4. Arch. Surg., Jan., 1965, 90, 157- 
165. (Address: 1200 N. State Street, Los 
Angeles, Calif. 90033. 


The author analyzed the clinical and postmortem 
data in 48 casesof craniocerebral injurv in childhood, 
to assess the age and incidence at which the typical 
lesions first appear. 

Before the age of 3 years, contrecoup injury was 
noted in 10 per cent of his cases. The incidence in- 
creased to 71 per cent in the 4 year age group. This 
represents a significant difference from the adult 
population in which 8$ per cent of craniocerebral 
trauma is accompanied by contrecoup lesions. 

The greatest incidence of contrecoup Injuries was 
noted with blows to the lateral side of the head in 
which contra-lateral temporal lobe contusions are 
to be expected. Impact on the postero-lateral region 
of the skull may produce contralateral fronto-tem- 
poral contusions. Contra-lateral subfrontal and 
anterior temporal lobe contusions may be expected 
when the impact is in the occipital region. Basal 
contusions may occur when the impact is on the 
vertex, 

The author postulates the low occurrence of 
contrecoup injuries in children below the age of 4 
years to be due to the greater plasticity of the in- 
fant's cranium; less convolutional markings within 
the skull’s inner table; and the softer textures of the 
infant's brain. 

A conclusive diagnosis of contrecoup injury in 
children (contusion or intracerebral hemorrhage) 
cannot be made without actual visual confirmation 


at surgery or postmortem examination.~Yames Ё. 
Martin, М.Р. 
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Apapon, Benjamin D., Сназе, Norman E, 
KRICHEFF, [IRVIN l., and BATTISTA, ARTHUR 
F. Cerebral ultrasonic tomography. Radiol- 
ogy, Jan., 1965, 84, 115-121. (From: De- 
partments of Radiology [Neuroradiology], 
Neurology and Neurosurgery, New York 
University Medical Center, New York, 
N. Y.) 


The purpose of the authors is to illustrate some of 
the techniques employed and results obtained in 
ultrasonic echo scans of patients with intracranial 
masses. The scanning instrument employed in this 
study was the Hoffrel Model 100 Medical Ultra- 
Sonoscope, equipped with the Hoffrel Model $oo 
Precision Rectangular Co-ordinate Scanner and 
scanner-control unit. 

With the patient in the decubitus position on the 
stretcher, the transducer probe is applied along a line 
drawn on the occipito-temporal-frontal region 6 cm. 
above the canthomeatal line. The tracing is marked 
at the level of the external auditory meatus. The 
motorized transducer holder regulates the speed of 
the probe along the surface of the skull. The direc- 
ton in which the transducer is aimed may be ad- 
justed up to 30° from the vertical. This aids in 
obtaining a proper beam entrance and good acousti- 
cal contact along irregular contours. The transducer 
is moved along this path from posterior to anterior. 
Paired tracings are usually obtained on both sides of 
the skull for comparison, and the tracings are photo- 
graphed with the Polaroid Land camera. | 

The scanning methods are employed and are 
classified as Type “A” and Type “В.” Type “А” 
scanning is used to locate the midline and to deter- 
mine whether or not it has shifted. There is also a 
differential absorption transmission and reflection of 
ultra-sound waves between many pathologic lesions 
and normal brain tissues. The “B” scan identifies 
and projects these differences and has the potential 
of actually delineating intracranial masses. 

One hundred neurologic patients were subjected to 
“A” and '"B'"" scans. All had either neuroradiologic 
diagnostic procedures, and/or surgical exploration or 
autopsy. The midline echo was considered normal if 
it was within 1.5 mm. of the midline. Forty-two 
patients had roentgenographically proved midline 
shifts. Thirty-eight of these were predicted correctly 
on the “А” scan, giving an accuracy of 90.4 per cent. 
There were 3 false negatives. 

In 49 cases no midline shift could be determined by 
echo or conventional neuroradiologic diagnostic 
procedures. There was one false positive midline 
echo shift of 1.7 mm. Two of the echo tracings were 
technically unsatisfactory for analysis. This gave an 
accuracy of 94.2 per cent in patients with no midline 
shifts. 

In 43 patients with “В” scans intracranial masses 
were histologically verified. There were 10 subdural 
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hematomas, 1 epidural hematoma, 8 deep intra- 
cerebral clots, 3 meningiomas, 11 gliomas, 5 meta- 
static tumors, 2 craniopharyngiomas, and I pituitary 
adenoma. Six masses (14 per cent) were accurately 
demonstrated, and fifteen (34.9 per cent) were not 
well defined but displayed abnormal echo patterns 
suggestive of masses. Twenty-two cases were en- 
tirely normal on the “В” scan. One of two posterior 
fossa tumors was accurately diagnosed. Hydroceph- 
alus in children was readily demonstraed by the “В” 
scan in 4 Instances, 

The authors conclude that the accuracy of the 
method is still low; however, it is simple, easily re- 
producible, and quite inexpensive. It may find great 
importance as a screening test for more elaborate 
neuroradiologic examination in cases with clinical 
suspicion of mass lesions.—Howard R. Stewart, M.D. 


GiLLoT, CL., AARON, CL., Сназзајмо, P., and 
DErMas, A. Les veines cérébrales et les sinus 
craniens: aspects normaux obtenus par la 
méthode de phlébographie occlusive. (Cere. 
bral veins and cranial sinuses: normal as- 
pects demonstrated by the occlusive phlebo- 
graphic method.) Presse méd., Jan., 1965, 
73, 229-234. (From: Laboratoire d'Anatomie 
de la Faculté de Médecine de Paris, Paris, 
France.) 


Noting that in the venous phase of routine cere- 
bral angiography not all the veins of the skull, 
particularly those at the base, are fully opacified, 
the authors developed this technique for opacifying 
al the cerebral veins. A catheter is introduced 
through the saphenous vein at a point approximately 
2.0 cm. lateral and below the spine of the os pubis. 
The catheter has a balloon at its end which, without 
the aid of roentogenoscopic control, is passed 
through the right heart into the jugular vein in the 
neck. As the tip réaches the jugular foramen at the 
base of the skull, the rubber balloon is inflated by the 
addition of 10 ml. of water, thus occluding the inter- 
nal jugular vein. This is followed by the injection of 
an iodized contrast medium, and 5 films are exposed 
successively, after the injection of 15, 30, 50, 70 and 
ioo ml. of the contrast medium. This results in 
opacification of the entire venous system including 
the superficial cerebral veins. 

For the purpose of this study the cerebral venous 
system is divided in three parts, best seen in the 
lateral projection. The contrast medium flows against 
the current and opacifies, in the following order: (1) 
the veins at the base; (2) the deep cerebral veins; 
and (3) the superficial veins or the veins of the con- 
vexity of the brain. 

The procedure was first performed on 20 dogs and 
subsequently on 100 cadavers, before it was used in 
the human subject. 

Other methods for opacification of the cerebral 


VoL. 94, NO. 4 


veins have been tried, but have proved unsatisfac- 
tory. These include injection through the ophthalmic 
vein, which leads to the cavernous sinus, and a 
direct injection into the internal jugular vein. At 
this point the authors consider their work to be 
essentiallv a basic study of anatomy. 

The practical or clinical. applications of this 
method, particularly in cerebral trauma, will be the 
subject of a subsequent publication. 

Reproductions of 17 roentgenograms and dia- 
grams accompany this interesting work.—Wi/liam 
H. Shehadi, M.D. 


kuicHErF, Ervis L, Сназе, Norman E., and 
RawsoHorr, ЈоѕеРН К. The angiographic 
investigation of ruptured intracranial 
aneurysms. Radiology, Dec., 1964, 642, 1016- 
1025. (Prom: Departments of Radiology 
[Neuroradiology] and Neurosurgery, New 
York University Medical Center, New 
York, N. Y.) 


Angiography is the only means by which vascular 
lesions causing spontaneous subarachnoid hemor- 
rhage may be identified during life. Non-hyperten- 
sive spontaneous subarachnoid hemorrhage is 
usually associated with rupture of a congenital 
aneurysm although а few patients bleed from 
arteriovenous malformations and tumors. The 
authors confine the present communication to the an- 
giographic investigation of intracranial aneurysms. 

The initial investigation of these patients should 
be undertaken as soon as practical after admission to 
the hospital. Since aneurysms are multiple in 15 per 
cent of patients having one such lesion, angiography 
should include at least bilateral carotid studies and 
preferably visualization of all the intracranial ves- 
sels. Occasionally, only one side is studied initially 
when a space-occupying mass such as an intracere- 
bral clot is demonstrated along with the aneurysm. 
Such cases require immediate surgical intervention. 
However, a midline intracerebral clot may result 
from an aneurysm on either side and in such cases a 
bilateral studv is indicated. 

Direct carotid puncture is the technique preferred 
by the authors since right brachial or subclavian 
injections allow overlapping vascular shadows in the 
frontal plane due to vertebral artery filling. A needle, 
with a non-cutting bevel such as a Cournand, is 
carefully positioned and after a test injection, serial 
biplane filming is performed with pressure injection. 

The standard positions are a true lateral and a 
frontal projection with 12° caudal angulation of the 
tube. Following the initial study, several special 
examinations are performed as indicated to best 
demonstrate the presence of single or multiple 
aneurysms. These include cross-compression tech. 
niques and special projections such as an oblique, 
frontal projection with cranial angulation and oc- 
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casional:y, the submentovertex view when the 
aneurysm 18 of posterior communicating origin. 

Postoperative angiograms are urged in all patients 
and are especially indicated in those patients who do 
poorly after surgery. The reason for the poor result 
may be demonstrated as increased spasm, inadver- 
tent occiusion of a major vessel, hydrocephalus, or the 
presence of a hematoma which may be surgically 
correctable. 

The careful roentgenographic interpretation of a 
complete angiographic investigation is most impor- 
tant ir evaluating these patients for surgery. 
Aneurysms must be differentiated. from vascular 
loops and tortuosity and a single important dif. 
ferential point is that such configurations are usually 
denser than an aneurysm of the same diameter. 
Junctional dilatations, which usually occur at the 
level о: the posterior communicating artery, are 
generalv triangular in shape, under 3 mm. in 
diameter, and have their base on the carotid artery 
with the branch vessel arising from their dome. 
Vascular spasm may be local or diffuse and can be 
difficult to evaluate. Diffuse spasm may extend 
widely and should be diagnosed whenever the cere- 
bral arteries, especially the more proximal vessels at 
the base of the brain, are narrower than experience 
would .ndicate. 

Space-occupying lesions are not uncommonly as- 
sociated with subarachnoid hemorrhage and fre- 
quently are due to intracerebral, intraventricular and 
subdural clots. The intracerebral clots appear as an 
avascu.ar space occupying lesion adjacent to the site 
of bleeding and should be promptly removed. The 
presence of multiple aneurysms is not a contraindica- 
tion to surgery if the currently bleeding aneurysm 
can be identified with any sense of security. Hydro- 
cephalus is a common complication of subarachnoid 
hemorrhage, due to a basilar arachnoid reaction, and 
has been identified as developing within a 2 week 
period. 

The authors admonish that the complications of 
angiog-aphy are largely the result of technical errors 
and are preventable. Particular care must be di- 
rected against damage from the needle, the em- 
bolization of particulate matter as well as air and 
prolonged cross compression or too vigorous post- 
angiog-aphy compression. In essence, angiography 
in subarachnoid hemorrhage should be performed 
by the most experienced operator available in each 
particular institution. -—-Edward B. Best, M.D. 


NECK AND CHEST 


Harper, R. А, Kemp, and Guyer, P. B. The 
radiological features of thymic tumors: a 
review of sixty-five cases. Cli. Radiol., 


In a group of 65 patients with thymic tumors 
seen ѕ псе 1948, 51 had myasthenia gravis and 14 
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did not, Radiologic investigation consisted of initial 
fluoroscopy, followed by anteroposterior and lateral 
chest roentgenograms, and a coned lateral roent- 
genogram of the anterior mediastinum (with the 
shoulders back), somewhat underexposed as com- 
pared to the usual lateral chest roentgenogram. 
Tomography in the lateral, posteroanterior and, 
occasionally, the oblique projections was used if 
additional definition was necessary. Calcification was 
found in 17 patients. This was usually small in 
amount, measuring not more than 1 X2 cm., but a few 
massive tumors showed very extensive calcification. 
The occurrence of diffuse or amorphous calcification 
is the only radiologic feature in nonmyasthenic 
patients which is at all suggestive of the thymic 
origin of a mediastinal tumor. 

Roentgenologic evidence of metastases involving 
the pleura was found in 4 patients. These deposits 
presented as discrete peripheral nodules. The size 
of the tumors was often greatly altered by radio- 
therapy. In 44 cases studied microscopically, these 
tumors included 19 lymphoepitheliomas, 6 thymo- 
mas, 2 malignant and 2 benign thymomas, 1 thymic 
carcinoma, I thymic cyst, I epithelioid tumor, 1 
fibrous nodule, 1 reticulosarcoma, 1 secondary 
metastasis, I failure of involution and 8 cases were 
inconclusive. 

In this series only one small tumor was not de- 
tected, and there were no instances of a false positive 
diagnosis — Samuel G. Henderson, M.D. 


Lana, Erica К. Arteriographic diagnosis of the 
thoracic outlet syndromes. Radiology, Feb., 
1965, 84, 296-303. (From: Department of 
Radiology, Methodist Hospital, Indianapolis, 
Ind.) 


Retrograde catheter aortography offers a new 
diagnostic means of locating the exact site of com- 
pression or obstruction responsible for the thoracic 
outlet syndromes. Accurate reproduction of the 
offending positions can be carried out and the 
artery studied under these conditions by injection of 
contrast medium and recording on serial roentgeno- 
grams. This eliminates the element of chance in 
surgical correction. 

The author presents an analysis of 136 patients 
with thoracic outlet syndromes diagnosed by 
arteriography. Obstructing defects were demon- 
strated in the following conditions: scalenus anticus 
syndrome, pectoralis minor syndrome, thoracic out- 
let syndrome, cervical rib syndrome, combined 
lesions, vertebral steal and pseudosteal syndromes. 

A small Seldinger catheter is advanced under 
fluoroscopic control into the subclavian artery. In- 
troduction of the catheter into the femoral artery is 
favored since this offers the advantage of catheteriza- 
tion of both subclavian arteries without the presence 
of an irritating and splinting intraluminal foreign 
body at the point of interest. About 12 сс. of бо per 
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cent iodinated contrast medium is hand injected 
with the arm in neutral position. Smaller amounts 
will suffice for injections in positions which result in 
dampening of the pulse. The examinations are per- 
formed in various positions: the neutral, the Adson 
and the modified Adson as well as a position showing 
maximal clinica! symptoms and dampening of the 
pulse. The decreased flow rate can also be studied 
by isotropic flow studies. 

Arteriographically, four distinct types of scalenus 
anticus syndromes are readily recognized. Demon- 
stration of the type of compression will usually 
permit identification of cause: (1) an oblique com- 
pression defect due to scalenus medius tendon; (2) 
torsion of the subclavian artery between the scalenus 
anticus and medius tendon; (3) concentric ridge-like 
compression of the entire subclavian artery over its 
entire passage through the scalenus tunnel; and (4) a 
sharp, linear cut-off at the point of entry into the 
scalenus tunnel. Post-stenotic dilatation is most often 
seen with concentric compression. 

The cervical rib syndrome is readily recognized on 
plain chest roentgenograms. Arteriograms usually 
show huge post-stenotic dilatation of the subclavian 
artery in neutral position. 

The pectoralis minor syndrome mimics the 
scalenus anticus syndrome. On arteriograms the two 
are readily differentiated. A marked depression and 
deflection of the junction segment of the subclavian 
and axilary artery are caused by the pectoralis 
minor tendon. 

Various intrinsic arterial disease entities may 
closely mimic these conditions. Arteriosclerotic 
plaque formation and obliterative disease of the 
subclavian artery, fibromuscular dysplasia with 
intimal and subendothelial hyperplasia, as well as 
fibrous replacement of the subclavian artery belong 
in this group. These conditions are readily dif- 
ferentiated on arteriograms. Depending upon the site 
of the obstructing lesion, various “steal” syndromes 
may result.—4. И? Sommer, M.D. 


STECKEL, RicganD J., and GniLLo, Hermes C. 
Catheterization of the trachea and bronchi 
by modified Seldinger technic: a new ap- 
proach to bronchography. Radiology, Dec., 
1964, 82, 1035-1038. (From: Department of 
Radiology and Surgical Services of Harvard 
Medical School, Massachusetts General 
Hospital, Boston, Mass.) 


In 15 patients, a modified Seldinger technique 
has been employed to introduce a radiopaque teflon 
catheter through the cricothyroid membrane and 
then to maneuver it into various primary and 
secondary bronchi under fluoroscopic control. 
Selective bronchograms of superior quality have 
been obtained with no complications encountered. 

The pharynx is lightly anesthetized, and the 
patient is then placed in the supine position with the 
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head well extended. The skin overlying the crico- 
thyroid membrane is infiltrated in the midline with 
2 per cent xylocaine, and with the same syringe a 
small amount of xylocaine is injected through the 
membrane to anesthetize the trachea locally. A 
Seldinger 160 needle is then introduced into the 
trachea with the tip pointed toward the carina. The 
wire guide is inserted and the catheter (inside 
diameter 1.35 mm.) threaded over it. After the wire 
guide is removed, the patient's head can be re- 
turned to a neutral position and the catheter 
manipulated under fluoroscopic control into, or 
adjacent to, the desired bronchial orifice. During 
placement of the catheter, anesthesia is obtained by 
repeated injections of xylocaine through the catheter. 
Television monitoring with image amplification is 
desirable but not a necessity. 

Most patients who had had previous conventional 
bronchography agreed that this method was incom- 
parably more comfortable. Local anesthesia and in- 
troduction of the catheter required an average of 5 
minutes, A minimum of local anesthesia is required. 
In patients with diminished respiratory reserve, ex- 
cellent filing of selected bronchi can be obtained 
with a minimum amount of contrast medium.— 
Howard К. Stewart, M.D. 


sion of Research, Ottawa Civic Hospital 
Ottawa, Ontario, Canada.) 


3 


Familial fibrocystic pulmonary dysplasia (FFPD) 
is а similar but distinct syndrome from idiopathic 
acute diffuse interstitial fibrosis of the lungs and 
from idiopathic bronchiolar emphysema. This study 
concerns 56 members of one family in which 8 mem. 


РЕ 


bers exhibited features of FFPD. Diagnostic criteria 


Clinical and pathologic evidence indicates that the 
disease is genetically determined. In one instance, 
there was a father-to-son transmission, and probablv 
another son and daughter were also affected, which 
rules out a sex-linked genetic defect and establishes 
the autosomal dominant inheritance of FFPD. Al- 
though the pathogenesis remains obscure, an enzyme 
defect is probably the underlying agent. It is 
thought that pulmonary morphologic changes are a 
secondary nonspecific reaction, and that broncho. 
genic carcinoma is a tertiary nonspecific complica- 
tion.—ZLois Cowan Collins, M.D, 


Harrer, E. The so-called “lower esophageal 
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ring." German Med. Monthly, Veb., 1965, 70, 
65—71. (Address: Tódistr. 36, Zürich, Switzer- 
land: 

In 1c44, in his book entitled “X-Ray Examina- 
tion of the Stomach," Templeton described a ring- 
like constriction in the epiphrenic ampulla. Jutras 
(1949), Evans (19:2), Ingelfinger and Kramer 
(1953), and Schatzki and Gray (1953) reported a 
number of patients with similar findings. The latter 
authors used the descriptive term, "lower esophageal 
ring." 

This ring was demonstrable only on maximum in- 
spiration after swallowing, at which time the lumen 
of the adjacent esophagus was distended to a width 
greater than the diameter of the ring. It disappeared 
when the adjacent esophagus collapsed. The band 
measured 2 to 4 mm. in width and was located 4 to 
5.5 cm. above the level of the diaphragm. Its diame- 
ter rarged from 6 to 15 mm. in Ingelfinger’s cases 
and from 3 to 18 mm. in Schatzki's group. There 
was no obstruction to flow of fluid contrast medium, 
but a swallowed capsule was temporarily delaved at 
this level. In 1956, Schatzki and Gray reviewed their 
cases and found little interval change in most 
patiencs. 

Wolf (1956), in a paper on hiatus hernia, demon- 
stratec a transverse "sulcus" in several cases at the 
proximal end of the hernia. He subsequently sug- 
gested that this sulcus and Schatzki's ring were 
probab:y identical. If this were correct, the “lower 
esophageal ring" would in fact correspond to the 
esophzgogastric junction displaced above the dia. 
phragm by the presence of a small hiatus hernia. 

MaeMahon has described the findings at necropsy 
in a case of "lower esophageal ring." There was a 
smail sliding hiatus hernia and a thin mucosal shelf 
at the esophagogastric junction. The upper surface 
of this membranous shelf was covered by esophageal 
mucosa and the lower surface by gastric mucosa. 
There was increased connective tissue in the tunica 
propria of the ring which suggested to Barrett that 
the ring represents an inflammatory scar. However, 
the tctal absence of inflammatory reaction in cases 
stucie histologically makes this hypothesis un- 
likely. 

The author feels that it is possible to accurately 
localize the esophagogastric junction by demon- 
strating the "lower esophageal ring." Thus, one can 
differentiate with certainty a small hiatus hernia 
from an epiphrenic ampulla. His technique includes 
roentgenograms obtained in full expiration (open 
hiatus) and in full inspiration (closed hiatus) with 
barium in the esophagus. Of the patients with a 
small hiatus hernia, more than half show three trans- 
verse rings. 

Thz lower ring is caused by closure of the hiatus 
during inspiration. ЈЕ cannot be demonstrated when 
the hiatus is abnormally enlarged and incompetent, 

The upper ring lies 3-6 cm. proximal to the lower 
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ring. This is the site of transition between the 
tubular esophagus and the vestibule. 

The middle ring is only demonstrated when the 
adjacent lumen is fully distended with contrast 
medium. In 42 patients, the diameter of this middle 
ring was less than 25 mm. In 9 patients with inter- 
mittent dysphagia, the diameter of the ring was less 
than 14 mm. 

The author believes that the middle ring fits the 
description of the “lower esophageal ring" of 
Schatzki and Ingelfinger and agrees with them that 
this represents a reliable roentgenologic landmark 
for the esophagogastric junction. Mucosal folds 
proximal to the ring were always fine and narrow 
like folds of the tubular esophagus. Distal to the 
ring, the mucosal folds are wide similar to gastric 
mucosa. 

This ring is seen predominantly in men over age 
so. The youngest case in this series is a female aged 
20. In all cases, there appeared to be a small hiatus 
hernia in association with the ring. Dysphagia was 
present in every case when the ring diameter was 
less than 14 mm. It was frequent in the 14 to 20 mm. 
range, and was not recorded with a ring diameter 
greater than 2; mm.—£. Gedgaudas, M.D. 


ABDOMEN 


WEINBERG, PETER E., and Levin, BERTRAM. 
Hyperplasia of Brunner’s glands. Radiology, 
Feb., 1965, 84, 259-262. (From: Michael 
Reese Hospital and Medical Center, Chicago, 
Ш.) 


A brief historic review and classification along 
with 2 cases of surgically proven hyperplasia of 
Brunner’s glands are presented. 

Brunner first described hyperplasia of the duodenal 
glands in 1876. They are located in the mucosa and 
submucosa, being most numerous in the first portion 
and decreasing in number and size distally, disap- 
pearing beyond the ligament of Treitz. They are 
normally 3-5 mm. in diameter and their physiologic 
function is to protect the duodenal mucosa from the 
acid gastric chyme. 

Hyperplasia was classified into three types by 
Feyrter in 1934. The first is a diffuse nodularity con- 
sisting of coarse mucosal folds and irregularly cir- 
cumscribed nodules of duodenal glands which are 
distributed throughout the greater portion of the 
duodenum. The second type is a circumscribed 
nodular hyperplasia in which isolated nodules, often 
accompanied by atrophy of the intervening glands, 
are found in the suprapapillary segment of the 
duodenum. The third type is the single nodule of 
adenomatous hyperplasia. This solitary type may 
be either sessile or pedunculated and may be as 
large as several centimeters in diameter. 

Erb and Johnson introduced hyperplasia of Brun- 
ner’s glands as a clinical entity in 1948, and it is 
noted that the clinical picture is extremely variable. 
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However, the roentgenologic appearance of hyper- 
plasia is considered reliable and characteristic. 

The roentgenologic differential diagnosis includes: 
duodenal polyposis, localized hyperplasia of lym- 
phoid follicles, and duodenitis. Reported reviews of 
the literature have not uncovered a single case of 
carcinoma of Brunner gland origin. 

Case data, along with photographs and roent- 
genographic reproductions, are included.—oAn 
Bond, M.D. 


Houston, C. Stuart, and Wrrrensore, M. Н. 
Roentgen evaluation of anomalies of rotation 
and fixation of the bowel in children. Radi- 
ology, Jan., 1965, 84, 1-18. (Address: Dr. 
Houston, University Hospital, Saskatoon, 
Saskatchewan, Canada.) 


The roentgenologic aspects of anomalies of rota- 
tion and fixation of the bowel in children are pre- 
sented. Basis for this report ig a review of 147 cases 
seen over a IO year period at Children's Hospital 
Medical Center of Boston. 

Diagnosis of anomalies of rotation and fixation of 
the bowel requires an understanding of the em- 
bryology of normal and abnormal intestinal rotation. 
Interruptions or aberrations of the orderly process 
of rotations may occur at any stage of development. 
A rigid classification of these anomalies is neither 
practical nor useful but the defects can be grouped as 
follows: 


I. Extroversion of the cloaca, with no rotation of 
the bowel. The ileum and colon each open 
separately onto the extroverted area in the mid 
line, below the umbilical cord. 

2. Omphalocele, resulting from failure of the mid- 
gut to return from the umbilical cord. 

3. Congenital left diaphragmatic hernia, always 
accompanied by an anomaly of rotation. 

4. Congenital right diaphragmatic hernia, as- 
sociated with neurenteric and vertebral 
anomalies in 2 cases in this series. 

с. “go degree rotation," also termed “nonrota- 
tion” or “situs inversus partialis commune 
mesenterium,” with continuation of the eighth 
fetal week relationship within the abdomen. 
The colon lies in the left abdomen and the 
small bowel in the right, on either side of the 
superior mesenteric artery, with a common un- 
attached mesentery. 

6. Nonfixation. The viscera are normally placed, 
with the exception of the ascending colon and 
cecum, which are freely movable. 

7. Reverse rotations, a rare anomaly, with rota- 
tion in the opposite or clockwise direction. The 
jejunum and duodenum lie anterior to the 
superior mesenteric artery. 

8. Reverse nonrotation, with the colon on the 
right side and the small bowel on the left. 
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In this series of 147 patients, 22 had no symptoms 
related to the malrotation. Only when complications 
are superimposed upon the anomalies of rotation 
and fixation do symptoms appear. They arise from: 
(a) mechanical obstruction; (b) vascular obstruc- 
tion; (c) a celiac-like sy ndrome. 

Abdominal survey roentgenograms will rarely be 
of value unless there are complications. Duodenal 
obstruction secondary to "malrotation" often can- 
not be differentiated from duodenal obstruction due 
to atresia, stenosis or annular pancreas. In “malrota- 
tion," a large gastric bubble with a smaller duodenal 
one just proximal to the obstruction is frequently 
seen, Low small bowel obstruction due to volvulus 
may be recognized by the gas trapped within dis- 
tended small bowel loops, with fluid levels in the 
upright position. Rapid progression. from one in- 
testinal gas pattern to another may occur. Vascular 
complications rapidly result in ileus and free peri- 
toneal fluid, with symptoms of gastrointestinal 
bleeding and shock. 

In approximately two-thirds of the patients in 
this series, barium enema examinations or a gastro- 
intestinal series, or both, were performed prior to 
surgery. Contrast studies wil: (a) localize and 
characterize the obstruction; (b) detect the abnormal 
position of the bowel; (c) reveal abnormal fixation in 
the majority of the cases in which it exists. The 
practical problem is not whether barium studies are 
to be undertaken, but to decide whether one exami- 
nation or both should be performed. Barium is 
preferred to water-soluble agents by the authors. 

Obstruction may be acute or chronic, partial or 
complete, compensated or intermittent, Complete 
or nearly complete obstructions are usually in the 
duodenum and associated with volvulus, bands or 
both. A dilated proximal duodenum and pylorus, 
with sudden dumping of barium into the duodenum 
when the patient is turned from supine to prone 
position may be observed. Abnormal fixation of the 
bowel is demonstrated when the duodenojejunal 
function is abnormally placed and/or when the 
leocecal valve lacks normal fixation in the right 
lower quadrant. А jejunum confined to the right side 
of the abdomen indicates anomalous rotation. 

The cecum may be abnormally fixed posteriorly or 
abnormally mobile anteriorly. There may be a 
primitive fan-shaped mesentery or a longitudinal 
mesentery suspending the cecum and ascending 
colon. 

The roentgenologic findings often proved the 
crucial factor in correct and accurate diagnosis. 
Unusual position of bowel loops should alert the 
radiologist to the possibility of an error in rotation. 
Identification of the fixation points of the mesentery 
permits evaluation of abnormal fixation.—.4. W. 
Sommer, М.Р. 


Корне, Ur, and Kears, ТнеорокЕ E. 
Granulomatous colitis in children. Radiology, 
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Jan., 1965, Sy, 24-32. (From: Department of 
Diagnostic Radiology, Children’s Clinic, 
Karolinska Sjukhuset, Stockholm, Sweden.) 


The purpose of this report is to emphasize the 
occurrence of granulomatous colitis in children, to 
describe some of its roentgenologic aspects in this age 
group, and to present an apparently undescribed 
roentgen alteration. This series comprises 15 
patients, 11 males and 4 females, ranging in age 
from 10 to 16 years, with diagnosis proven in 10 
cases by surgical and histologic specimens. 

The disease tends to be segmental, with simul- 
taneous involvement of the colon and ileum, and is 
likely to be confused with idiopathic ulcerative 
colitis. Anal and perirectal fistulae and abscesses are 
frequently the presenting signs and internal fistulae 
are a frequent complication. 

Roentgenologically, the disease is characterized by 
segmental involvement with sharply demarcated 
skip areas, by longitudinal ulcerations which later 
present as penetrating spicules with interposed cob- 
blestone mucosa, and by segmental exaggerated 
haustration. The exaggerated haustration is de. 
scribed as differing from the corrugation associated 
with idiopathic ulcerative colitis and is presented 
as a motor defect and early sign of granulomatous 
colitis. [t is important to emphasize that this type of 
motor disorder of the bowel may be present long 
before any mucosal change is detectable at roentgen 
examination of the bowel. 

The cases presented are illustrated by 16 roent- 
genographic reproductions and 2 schematic dia- 


grams.—Fohn L. Bond, M.D. 


CuiNc, NATHANIEL P. H., and BALLINGER, 
Warrer F., Il. Perforation of the colon: 
secondary to the meconium plug syndrome. 
AMA, Arch, Surg., Jan., 1965, 90, 65-67 
(Address: Dr. Ballinger, The Johns Hopkins 
Hospital, Baltimore, Md. 21218.) 


The authors discuss perforation of the colon in 
the newborn, and present a case caused by the 
meconium plug syndrome. Within 27 hours after an 
uncomplicated delivery, vomiting ad abdominal 
distention was noted in a 2.6 kg. Negro male. A 
barium enema study revealed a meconium plug in 
the rectum. Following a digital examination, a 
"tadpole-hke" stool was passed and the infant ap- 
peared improved. At 48 hours of age, the patient's 
abdomen was again distended and abdominal roent- 
genograms revealed free air in the peritoneal cavity, 
Exploratory laparotomy disclosed a perforation in 
the cecum and a temporary cecostomy was per- 
formed. 

The infant did well postoperatively with passage 
of a meconium stool after lubricating his rectum. 

The cecostomy was repaired on his 20th day of 
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life and he was discharged 32 days after birth at a 
weight of 3.0 kg. 

The mortality in this condition is stressed and a 
plea is made for early diagnosis and surgical cor- 
rection.— Fames F. Martin, M.D. 


Brown, B. Sr. J. Defecography or anorectal 
studies in children including cinefluoro- 
graphic observations. 7. Canad. A. Radiol- 
ogists, March, 1965, 76, 66—76. (From: The 
Montreal Children’s Hospital, Montreal, 
Quebec, Canada.) 


Defecography is a technique of roentgenologic 
examination which has been used at The Montreal 
Children’s Hospital to study the mechanism and ef- 
fectiveness of defecation. It can be applied as a 
modification of the standard barium enema proce- 
dure in most infants and children. The patients are 
examined with no preparation whatever. This 
method of study provides more complete and, at 
times, new information in the following groups of 
conditions: (1) megacolon, due to chronic constipa- 
tion or to aganglionosis; (2) evaluation of surgical 
procedures; (3) fecal incontinence and other dis- 
orders of function of the anorectal region; (4) im- 
perforate anus and malformation of the pelvic floor 
and perineum; (5) miscellaneous conditions including 
fistulae and sinuses in the anorectal region. 

Fourteen case reports are presented. In addition, 
this examination was carried out in £o children of 
various ages (7 weeks to 13$ years) with normal 
bowel habits. Most of these were done for the in- 
vestigation of abdominal pain or bleeding per 
rectum unassociated with anorectal disease. De- 
tailed description of the technique is given, and 
numerous reproductions of roentgenograms are in- 
cluded.—2Douglas 8. Kellogg, M.D. 


МЕАМАМ, Monracue Ришар. Comparative 
evaluation of adjuvants to barium enema 
examinations: use of oxyphenisatin and tan- 
nic acid. 7. Canad. A. Radiologists, March, 
1965, 76, 17-18. (Address: 105 Northgate 
Building, Edmonton, Alberta, Canada.) 


Many radiologists have used tannic acid for a 
number of years to improve mucosal definition in the 
colon. Recently there have appeared case reports 
linking fatal liver damage with barium enemas con- 
taining tannic acid. Since little work had been done 
in the use of adjuvants other than tannic acid, it was 
felt worthwhile to conduct a further study of the 
value of a recent colonic evacuant, oxyphenisatin 
(Lavema-Winthrop). 

The roentgenograms of 303 barium enema exami- 
nations were reviewed by the author without knowl- 
edge as to the presence or absence of added Lavema, 
tannic acid, or whether no additive was used. 

The patients were divided into three groups as 
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follows: Group 1—102 patients received an estimated 
0.30 per cent solution of tannic acid-bartum sulphate 
(Merck); Group 2—100 patients had Lavema added 
in graduated doses according to patient size; Group 
3—101 patients had no additive in the barium sus- 
pension. 

All patients were prepared with castor oil the day 
prior to the examination. 'The postevacuation roent- 
genograms were interpreted as belonging to 1 of 4 
categories, according to the degree of evacuation and 
the excellence of mucosal definition. There were 
fewer good examinations with Lavema than with 
tannic acid, probably because of excessive evacua- 
tion, With barium sulphate only, there were fewer 
excellent examinations and a higher percentage of 
poor examinations. 

A plea is made for further critical evaluation of 
drug adjuvants in barium enema examinations.— 
Douglas $. Kellogg, M.D: 


GyNECOLOGY AND OBSTETRICS 


WarFIELD, CHARLES I., and SHERER, Max С. 
(Silver Spring, Md.) Stein-Leventhal syn- 
drome. South. M. 7., March, 1965, 58, 333- 


336. 


This report concerns 56 patients who met the 
authors’ criteria of the Stein-Leventhal syndrome. 

The authors routinely use gas gynecography ac- 
cording to the method of Schultz and Rosen. Ninety- 
four gynecograms were obtained, employing nitrous 
oxide, without untoward effects. 

In addition to ovarian enlargement, a spherical 
(rather than a cylindrical) ovarian configuration has 
been found to be highly suggestive of polycystic 
ovarian disease. The demonstration of this spherical 
configuration is particularly valuable when ovarian 
enlargement is not obvious.—7oAn Н. Harris, Fr., 
M.D. 


Bank, H., BEER, R., LUNENFELD, B., Ranav, 
E., and Rumney, G. Recurrence of adrenal 
carcinoma during pregnancy with delivery of 
a normal child. F. Clin: Endocrinol. {3 Metabol., 
March, 1965, 25, 359-364. (From: Depart- 
ment of Endocrinology, Tel-Hashomer Gov- 
ernment Hospital, Israel.) 


A case of adrenocortical carcinoma in a 24 year 
old woman, who has to date survived 8 years, is 
reported. 

The findings discussed include the local recurrence 
of the tumor during a third pregnancy, the demon- 
stration of a partial placental barrier to cortisol, the 
birth of a normal child with well-functioning’ 
adrenals in the presence of high levels of maternal 
cortisol, and the management of pregnancy in the 
presence of functioning adrenocortical carcinoma.— 
Fokn Н. Harris, Jr., M.D. 
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GENITOURINARY SYSTEM 


Antoine, B., ANaGNOsTOPOULOS, T., WATCHI, 
J. M., and Parienry, R. L'ectasie canali- 
culaire précalicielle: étude basée sur 21 cas 
de maladie de Cacchi et Ricci, dite “reins en 
éponge.” (Precalyceal canalicular ectasia: 
study based on 21 cases of Cacchi and Ricci 
disease, so-called “sponge kidneys.) 7. de 
radiol., d'électrol. et de méd. nucléaire, Nov., 
1964, 45, 663-680. (From: Clinique des 
Maladies mietibuliques de la Faculté de Mé- 
decine de Paris, et du Centre de Recherches 
sur l'insuffsance rénale de l'Association 
Claude-Bernard, Paris, France.) 


This condition was first described in 1948 by 
Cacchi and Ricci, a urologist-radiologist team who 
recognized its distinctive identity. The authors 
stress that although the credit for the original de- 
scription of this disease should go to Cacchi and 
Ricci, the term "sponge kidney” is erroneous and 
misleading, 

The condition is characterized by the following: 
(1) It is discovered as an incidental finding during a 
routine examination of the urinary tract, often 
during intravenous urography for urinary infection 
or lithiasis; (2) the roentgenologic appearance is 
striking, the findings being diffuse and bilateral. 
They consist of small tubular dilatations presenting 
an appearance of “‘a bouquet of flowers" at the apex 
of the calyces extending to the pyramids, but ex- 
clusive of the cortex; (3) the renal function is sur- 
prisingly well preserved, occasionally there being 
shghtly decreased concentration of urine and the 
clinically noted polyuria; (4) the roentgenologic ap- 
pearance remains unchanged with the passage of 
time, as evidenced by serial follow-up examinations 
on several patients; (5) the histologic study of a 
surgically removed kidney demqnstrates total ab- 
senceof aninflammatory process, the presenceof cystic 
tubular dilatations involving the renal tubules in the 
precalyceal portion of the collecting svstem, which 
coincides with and explains the roentgenologic ap- 
pearance. 

The disease is quite rare as evidenced by the 
paucity of reports in the literature. It is relatively 
benign and is distributed practically equally between 
the two sexes. In some instances a familial tendency 
has been observed. 

In the series studied by the authors the patients 
varied in age between 3 weeks and 71 years. 

Precalyceal tubular ectasia, noncomplicated, 
practically asymptomatic, and only when complica- 
tions set in does the condition become symptomatic. 
Urinary infection and calculus formation may be 
associated with the condition. 

Of the 21 patients examined by the authors, 11 
presented symptoms of urinary infection, $ were 
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benign and afebrile, while 6 presented acute symp- 
toms of pyelonephritis and pyuria. Eight patients 
Ма Seats of pain in the loins and 6 had 
renal colic (in. 4 the calculi were passed). Micro. 
scopic ас was observed in 7 cases. None of 
the patients presented symptoms to suggest hyper- 
tension, hepatomegaly, portal hypertension ог 
splenomegaly. 

Exclusive of occasional episodes of hematuria, the 
absence of blood in the urine is the rule, with micro- 
scopic hematuria demonstrated in 20 per cent. 
Blood chemistry and routine urine studies show no 
remarkabie findings. Renal function is well main. 
tained. 

Calcareous deposits with the formation of small 
calculi in the dilated tubules are noted. There is 
minimal blunting of the calyces. An early pre- 
calyceal tubular nephrogram is obtained during 
intravenous urography, which distinguishes this 
condition from tubular reflux due to other causes. 

The cyst-like or tubular dilatations are about 1—2 
mm. in diameter. When opacified, they present a 
converging or radiating pattern towards the papilla. 
This may be a fine cystic network, a striated pattern, 
or an indistinct and a more or Jess nebulous arrange- 
ment. The best demonstration is obtained on roent- 
genograms obtained 1 minute after the injection, 
revealing an early and characteristic nephrogram. 
Nephrocalcinosis within the dilated precalvceal 
tubules was found in 43 per cent of the cases ob- 
served by the authors. This is characteristically 
pyramical in location and excludes calcinosis due to 
other causes such as tuberculosis, papillary necrosis 
and hyperparathyroidism. 

Seventeen figures, including reproductions of 
roentgenograms, anatomic and microscopic sections, 
and 1 table accompany this interesting article. 


William Н. Shehadi, М.Р. 





RADIATION THERAPY 
Minton, Јонх PETER, Кетснам, ALFRED S., 
DEARMAN, JAMES R., and МеК сне, WiL- 
Liam B. ‘The effect of neodymium eee radi- 
ation on two experimental malignant tumor 
systems. Surg., Gynec. < Obst, Mar., 1965, 
720, 481—487. (From: Surgery Branch, Na. 
tional Cancer [nstitute, National Institutes 
of Health, Bethesda, and the Applied Phys- 
ics Branch, Redstone Arsenal, Huntsville, 


Ala.) 


The laser is a source of high intensity photon en- 
ergy described as coherent monochromatic light. The 
neodymium laser produces energy at a wave length 
of 10,600 A units which is in the infrared portion of 
the elec ectromagnetic spectrum. Since laser energy can 
be optically focused, the possible application of laser 
radiation as an oncolytic agent has been investigated. 
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The authors conducted this study to determine the 
capabilities of laser radiation regarding permanent 
tumor destruction and the dependency of such de- 
struction on tumor size. 

Two separate tumor systems were employed, onea 
melanoma and the other a sarcoma, in 2 different 
strains of mice. An important factor in tumor de- 
struction is the transfer of the neodymium laser 
energy into the tumor cells and the production of an 
intense amount of heat in the target area. The most 
constant observation following a laser pulse was the 
immediate appearance of a thermal burn at the site 
of laser impact. The size and degree of the burn was 
proportional to the amount of energy delivered. Re- 
cent studies have indicated that during the laser 
impact the temperature rise can be as great as 
T,000°C, 

The results of these laser tumor experiments in- 
dicated clearly that greater amounts of laser energy 
were necessary to destroy larger tumors. In certain 
cases both the sarcoma and melanoma were per- 
manently destroyed. However, the melanoma was 
more easily destroyed supporting the theory that 
more heavily pigmented tumors are capable of 
greater energy absorption of laser radiation per unit 
volume than non-pigmented tumors. 

From this study, no apparent survival benefit was 
afforded mice with incompletely destroyed tumors.— 
Francis Shea, M.D. 


RADIOISOTOPES 


Morrison, Коверт T., Arirt, ADEL K., VAN 
ALLEN, Maurice W., and Evans, Tirus C. 
Scintiencephalography for the detection and 
localization of non-neoplastic intracranial le- 
sions. 7. Nuclear Med., Jan., 1965, 6, 7-15. 
(From: Radiation Research Laboratory and 
Department of Neurology, State University 
of Iowa, Iowa City, Iowa.) 


Five hundred patients with a variety of intra- 
cranial diseases were scanned using RIHSA, ГА 
colloidal human albumin, or Не? chloromerodrin. 
All these agents appear to be of equal value in detect- 
ing intracranial lesions. Any advantage of one over 
the other concerns the time interval between the dose 
and the scan and the radiation to the patient. 

Eighty-five per cent (64 of 75) of confirmed neo. 
plasms were demonstrated by scanning. Fifty-two 
per cent (29 of £6) with a clinical diagnosis of cerebral 
infarction showed abnormal scans. The scan of an 
infarct, in most cases, appeared no different than 
that of a neoplasm, but infarcts tended to show more 
irregular borders, while neoplasms exhibited a more 
regular and rounded appearance. The incidence of 
abnormal scans decreased as the time interval be- 
tween the onset of the infarction and the scan in- 
creased. Usually by 8-10 weeks after the abnormal 
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scan (if done early in the course of the infarct), re- 
scanning showed no abnormality, unless in reality a 
neoplasm was present. Seven of 8 arteriovenous mal- 
formations were demonstrated and 7 of 8 subdural 
hematomas, 

Five abnormal scans of non-neoplastic lesions are 
illustrated._Wiliiam К. Littman, М.Р. 


Overton, Marvin C., III, Orre, Уплдам K., 
BEENTJES, Lucas B., and Havwig, THOMAS 
P. A comparison of mercury and mer- 
cury chlormerodrin in clinical brain scanning. 
3. Nuclear Med., Jan., 1965, 6, 28–37. (From: 
Departments of Neurosurgery, Radiology 
and Internal Medicine and the Nuclear 
Medicine Service, The University of Texas 
Medical Center, Galveston, Texas.) 


The radiation dose advantage of Hg” over Hg? 
primarily concerns the dose to the kidneys. Hg!” 
causes about one-eight that of the longer lived Hg*?, 

Hg** was given intravenously in a dose of 10 
uc/kg., but not exceeding 700 uc. One cc. mercuhy- 
drin was injected intramuscularly prior to the Hg”. 
Hg!’ was given in a dose of 700 uc for adults and 
goo uc for children. 

The over-all rate of correctly diagnosing neoplastic 
lesions as positive revealed little difference between 
На? (82 per cent) and Hg!” (88 per cent). For un- 
known reasons in non-neoplastic diseases Hg!’ (75 
per cent positive) appeared superior to Нр? (so 
per cent positive). 

Thus Hg!" gives results comparable to those ob- 
tained with Нр? chlormerodrin, but Hg!” has the 
advantage of a lower radiation dose to the patient.— 
William K. Littman, M.D, 


CaNiGGIA, Å., GENNARI, C., and Cesar, L. In- 
testinal absorption of “Ca in stone-forming 
patients. Brit, M. 7., Feb. 13, 1965, 7, 427- 
429. (From: Institute of Medical Semeiology, 
University of Siena, Siena, Italy.) 

The authors studied 6 patients who had multiple 
renal calculi; 1 had nephrocalcinosis, and 1 had hy- 
perparathyroidism. 

All were found to absorb calctum more than nor- 
mally. This has been previously demonstrated in 
hyperparathyroidism. 

The authors postulate that the principal metabolic 
abnormality in some patients with calcium nephro- 
lithiasis could be an increased intestinal absorption 
of calcium.—George L. Sackett, Fr., М.Р. 


Mena, IsMAEL, and THOMSEN, Paso. Detec- 
tion of heart shunts by means of I. 7. 
Nuclear Med., Jan., 1965, 6, 16-27. (From: 
Department of Medicine, Divisions of Nu- 
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clear Medicine and Cardiology, Catholic 
University Hospital, Santiago, Chile.) 


Both normal subjects and individuals with path- 
ologic defects were studied. The pathologic defects 
included 20 atrial septal and 9 ventricular septal de- 
fects. 

A detailed description is given of the procedure of 
external counting over the heart chambers, of the 
equipment used, and of the dosage of 175, 

All but 1 of the patients with atrial septal defect 
showed an abnormality of early recirculation of the 
right heart. There was less accuracy in detecting 
those with ventricular septal defect. 

The conclusion from the study is that it seems 
possible to perform selective right heart гафосаг- 
diography by means of external precordial detection 
of [5 and that the method is simple, safe, and re- 
producible—William К. Littman, М.Р. 


Fava, G., and Комсокомі, L. Possibilità ed 


Abstracts of Radiological Literature * gs 


applicazioni pratiche dello "scanner" Nukab 
con memoria magnetica. (Possibilities and 
practical applications of the “scanner” 
Nukab with magnetic memory.) Radiol. med., 
Dec., 1964, 50, 1264-1276. (Address: Dott, 
Giarnino Fava, Piazzale Gorini, 22, Milan, 
Italy.) 


The authors report on and discuss the advantages 
of the new Nukab scintiscanning system. 

This scintillation scanner has the same charac- 
teristics as most of the commercially available scan- 
ners and, furthermore, records on magnetic tape and 
on graph paper all the data obtained which can be 
processed later and/or reproduced on Polaroid film. 

The machine will scan the whole body and permit 
also bocy profile scanning. 

A few cases are reported which illustrate the ad- 
vantages of this scintigraphic system-—4. F. 
Govoni, M.D. 
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sium chloride, smal! bowel ulceration asso- 
ciated with (ab), 264 
HYDROGEN PEROXIDE, intra-arterial, differential 
localization of isotopes in tumors through 
use of; basic science, 783 
clinical evaluation, 789 
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HYDROPHILIC COLLOID LAXATIVES, bolus obstruction 
of gut after use of (ab), 514 
HYPERPLASIA of Brunner's glands (ab), 1030 
HYPERTENSION and renal ischemia (ab), 772 
curable, due to renal artery lesions (ab), 268 
portal, assessment of method in studies of; intra- 
osseous costal venography, 172 
НУРЕКТКОРНУ, benign, of masseters: report of radio- 
logical features in two cases (ab), 258 
НУРОРНАКУМХ and esophagus, foreign bodies in 
(study of radiologic morphology in 40 cases) 
(ab), 259 
НУРОРНОЗРНАТАЗТА ; metabolic disease with impor- 
tant dental manifestations (ab), 258 
Нузтекестому, radical, for carcinoma of cervix, 
urologic complications of (ab), 782 


"5| detection of heart shunts by means of (ab), 1034 
Плас artery, internal, and vein, arteriovenous fistula 
of, related to trauma at childbirth (ab), 265 
graft fistulae, abdominal aortic and; unusual 
roentgenographic findings, 416 
ILtroPsoAs MUSCLE, displacement of intestine by, 399 
Ічрглм subjects, assessment of normal physiological 
intracranial calcification occurring in (ab), 
511 
Ічргалмз of American southwest, skeletal fluorosis 
among, 608 
INFANCY, contrecoup injuries of brain in: remarks on 
mechanism of fatal traumatic lesions of 
early life (ab), 1025 
INFUNDIBULAR obstruction secondary to pulmonary 
valvular stenosis, 78 
INSTRUCTION courses of sixty-sixth annual meeting of 
American Roentgen Ray Society (E), 1000 
Section on, American Roentgen Ray Society, 
IOOI 
INTERVERTEBRAL, median, disc prolapses, problems 
in clinical diagnosis of (ab), 775 
INTESTINAL absorption of “Ca in stone-forming 
patients (ab), 1034 
necrosis, roentgen signs of, 402 
obstruction, acute, in neonate, case of annular 
pancreas presenting as cause of (ab), 264 
obstruction—review of some uncommon causes 
(ab), 514 
INTESTINE, displacement of, by iliopsoas muscle, 399 
small, and impaired absorption, x-ray picture of 
(ab), 263 
INTRA-ARTERIAL HYDROGEN PEROXIDE, differential 
localization of isotopes in tumors through 
use of; basic science, 783 
clinical evaluation, 789 ` 
INTRACRANIAL aneurysms, ruptured, angiographic 
investigation of (ab), 1027 
calcification, normal physiological, occurring in 
Indian subjects, assessment of (ab), 511 
lesions, habenular calcification as aid in diag- 
nosis of, 541 
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lesions, non-neoplastic, scintiencephalography 
for detection and localization of (ab), 1034 
metastatic malignant disease, place of surgery in 
(ab), 775 
trauma, correlation of brain scans and angiogra- 
phy in, 819 
INTRAMURAL Gas 1n hollow viscera (ab), 780 
INTRATHORACIC RIB, 587 
InrussUscePTION in adult (ab), 263 
In vitro and in vivo visualization of biliary calculi, 
495 
In vivo and in vitro visualization of biliary calculi, 
495 
angiography of Pacific salmon (oncorhynchus) 
(ab), 781 
measurement of mass of thyroid gland, 828 
IRRADIATION, effect of, on intact supravitally stained 
mammalian cell, 952 
for carcinoma, acquired dental defects and sal- 
ivary gland lesions after (ab), 1024 
IscuEMtA, renal, and hypertension (ab), 772 
Isopose plotter, simple, inexpensive, manually- 
operated, 888 
8095, volume dimensions in telecobalt arc ther- 
apy, an analysis of factors affecting optimal 
axis placement and, 852 
through use of intra-arterial hydrogen 
peroxide; basic science, 783 
clinical evaluation, 789 
localization and scanning of placenta, 844 
renogram, radioactive, and urinary obstruction 
(ab), 267 


Jaunpice, radioiodinated rose bengal liver scan as 
aid in differential diagnosis of, 469 
Ikgjuxar pivERTICULOSIS and megaloblastic anemia, 

svndrome of, 366 
Jons T. FangRELL, Jr., M.D., 1897-1965 (E), 752 
ЈОУЕМЊЕ nasopharyngeal fibroma; roentgenologic 
characteristics, 292 | 


KERATOACANTHOMA of subungual region: clinico- 
pathological and therapeutic study (ab), 
gis 

Kipney, medullary sponge (ab), 772 

transplants, radioisotope renogram in (ab), 267 


LaRGE power obstruction, acute, fluid-filled colon in, 
410 

LARYNGOGRAPHY, significance of, with contrast 
medium in study of chronic, nonspecific 
inflammation of larynx (ab), 259 

Larynx, chronic, nonspecific inflammation of, sig- 
nificance of laryngography with contrast 
medium in study of (ab), 259 

Laser, neodymium, radiation on two experimental 
malignant tumor systems, effect of (ab), 
1255 
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Laxatives, hydrophilic colloid, bolus obstruction of 
gut after use of (ab), $14 
Leo A. Nasu, M.D., 1910-1964 (E), 246 
Limp, lower, ascending phlebography in fresh throm- 
bosis of, 207 
Liver and spleen, relative accuracy of estimation of 
enlargement of, by radiologic and clinical 
methods, 462 
scan, radioiodinated rose bengal, as aid in differ- 
ential diagnosis of jaundice, 469 
Lopar collapse, pulmonary vessels in diagnosis of, 
665 
LOWER ESOPHAGEAL RING, so-called (ab), 1029 
Lumbar intervertebral disk lesions, some pathologic 
considerations in diagnosis of (ab), 417 
vertebra, fracture of pars interarticularis of, £84 
LUNG cancer, appearance of first roentgenographic 
abnormalities due to (ab), 261 
charges, structural, in emphysema, correlation 
between radiological diagnosis and (ab), 260 
LYMPH NODE metastases, importance of tomography 
for interpretation of lymphographic picture 
of, 924 
LymMpHADENECTOMY, pelvic, considerations on resto- 
ration of lymphatic circulation after (ab), 
779 
LYMPHANGIOGRAPHIC STUDY and review of literature: 
chyluria (ab), 269 
LYMPHANGIOGRAPHY in lymphoma, 935 
LympHavic CIRCULATION after pelvic lymphadenec- 
tomy, considerations on restoration of (ab), 
779 
LYMPHOGRAPHIC picture of lymph node metastases, 
importance of tomography for interpreta- 
tion of, g24 
LympHoerapuy in patient with unilateral chyluria 
| (ab), 269 
Lympruoma, lymphangiography in, 935 


MAMMALIAN CELL, intact supravitally stained, effect 
of irradiation on, 952 

Mawntro.p for closed angiographic system, 710 

Masserers, benign hypertrophy of: report of radio- 
-ogical features in two cases (ab), 25% 

Measurinc of doses received by personnel in radio- 
-ogical departments and its importance 
fab), £20 

MECKEL’S DIVERTICULUM, unusual vermiform, small 
bowel obstruction due to, demonstrated by 
barium enema study, 370 

MECONIZM PLUG SYNDROME and Hirschsprung’s 
disease (ab), 770 

seccndary to: perforation of colon (ab), 103: 

MEDIASTINAL ANATOMY afforded by air in mid. 
esophagus, roentgenologic study in; normal 
finding but potential source of diagnostic 
error, 333 

Mepiasvinum, hemangioma of; report of case with 
compression of spinal cord, <80 

superior, trachea and aortic arch, lateral tiit 
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(frontodiagonal) roentgenography for show- 
ing (ab), 263 

MEGALOBLASTIC ANEMIA, syndrome of jejunal diver- 
ticulosis and, 366 

MEGAVOLTAGE THERAPY ROOM, shielding door with 
flush threshold for, 996 

MIDDLE CEREBRAL ARTERY, segmental occlusion of, 
223 

MirizzI SYNDROME, roentgen features of, 480 

MITRAL COMMISSUROTOMY, radiocardiography in 
rheumatic heart disease and its value in 
selection of cases for (ab), 262 

MucoczLE of appendix, with roentgenographic find- 
ings simulating; hydrocele of spermatic 
cord, 395 

Muco»oLvsACCHARIDOSIS H.-S., polydystrophic oli- 
gophrenia (ab), 777 

MULTI-DIVERTICULAR CYSTIC dilatation of common 
and hepatic ducts, case of, 477 

MYCOPLASMA PNEUMONIAE infections; clinical and 
epidemiologic studies (ab), 511 

MYELOGRAPHY, cineroentgenographic observation of 
pantopaque intravasation during, 576 


Nasu, Leo A., M.D., 1910-1964 (E), 246 

NASOGASTRIC INTUBATION, stricture of esophagus due 
to, 321 

NASOPHARYNGEAL FIBROMA, juvenile; roentgenologic 
characteristics, 292 

NEEDLE INJECTION, by unilateral percutaneous com- 
mon femoral artery; collateral circulation in 
aorto-ilio-femoral occlusive disease, 145 

NEODYMIUM LASER RADIATION On two experimental 
malignant tumor systems, effect of (ab), 
1033 

NEONATE, case of annular pancreas presenting as 
cause of acute intestinal obstruction in (ab), 
264 

NEPHROGRAPHIC EFFECT, unique: acute renal failure 
following oral cholecystography (ab), 771 

NERVOUS SYSTEM, central, metastases in: treatment 
by radiotherapy and chemotherapy (ab), 
775 

observations on pathology of metastatic tumors 

in (ab), 774 

NEUROMUSCULAR, pharyngeal, disorders, evaluation 
of, by cinefluorography, 299 

Мокав, possibilities and practical applications of 
“scanner,” with magnetic memory (ab), 
1035 


OLFACTORY EPITHELIUM, response of, of adult axolotl 
(Siredon mexicanum) to roentgen irradia- 
tion, 964 

OPTICAL TRANSFER FUNCTIONS of focal spot of x-ray 
tubes, 712 

OPTIMAL AXIS PLACEMENT and 80% isodose volume 
dimensions in telecobalt arc therapy, analy- 
sis of factors affecting, 852 
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OnacRAFIN, pharmacologic assistance to use of; 
rapid oral cholecystography, 484 

OnTHOPEDICS, arteriography in, 194 

OSTEO-ARTICULAR manifestations of hemochromato- 
sis (ab), 776 

OSTEOCHONDROSIS DEFORMANS TIBIAE, tibia vara: 
survey of seventy-one cases (ab), 516 

OSTEOLYSIS, acro-, 595 

complication of trauma; report of 2 cases, 

591 

OsTEOMYELITIS, chronic, epidermoid carcinoma in: 
diagnostic problems and management; 
report of ten cases (ab), 778 

OSTEOPETROSIS; case presentation, 616 

OSTEOPOIKILOSIS, does a striated type exist? (ab), 
515 

OroscLErosis: new challenge to roentgenology, 566 

OvERGROWTH following fracture of humerus in chil- 
dren (ab), 778 


PANCREAS, annular, presenting as cause of acute 
intestinal obstruction in neonate, case of 
(ab), 264 
arteriography of, 182 
lesions of, mimicking renal disease (ab), 773 
tumor of, impression on duodenal loop resulting 
from; roentgenographic evaluation, 449 
PANCREATICO-DUODENAL REGION, resectable carci- 
noma of, roentgenologic-pathologic corre- 
lation of, 438 
PANTOPAQUE INTRAVASATION, cineroentgenographic 
observation of, during myelography, $76 
PAPILLARY NECROSIS, necrotizing renal papillitis in 
diabetes mellitus (ab), 266 
PARASPINAL, dorsal, mass in Hodgkin’s disease, 947 
PARS INTERARTICULARIS, fracture of, of lumbar 
vertebra, 584 
PELVIC LYMPHADENECTOMY, considerations on resto- 
ration of lymphatic circulation after (ab), 
PELVIMETRY, x-ray (ab), 266 
Prrvis, bony, fracture of, injury of bladder and 
prostatomembranous urethra associated 
with (ab), 268 
PERICARDIUM, left, congenital absence of, 122 
PHARYNGEAL NEUROMUSCULAR disorders by cinefluo- 
rography, evaluation of, 299 
PHLEBOGRAPHIC METHOD, occlusive, normal aspects 
demonstrated by: cerebral veins and cranial 
sinuses (ab), 1026 
РНГЕВОСКАРНУ, ascending, in fresh thrombosis of 
lower limb, 207 
PHOTOSCANNING, statistics in, 894 
PINHOLE CAMERA, use of, for testing uniformity of 
beta-ray applicators, 989 
PLACENTA, isotope localization and scanning of, 844 
PLEURAL MESOTHELIOMA, diffuse, radiation response 
of: case report (ab), 782 
Ронте, Ernst ALBERT, M.D., 1895-1965 (E), 754 
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POLYDYSTROPHIC OLIGOPHRENIA, mucopolysacchari- 
dosis H.-S. (ab), 777 
POTASSIUM CHLORIDE, enteric-coated, and hydro- 
ch lorothiazide, small bowel ulceration asso- 
ciated with (ab), 264 
Porr’s DISEASE with congenital anomalies of spine 
(ab), 270 
PRECALYCEAL CANALICULAR ECTASIA: study based on 
21 cases of Cacchi and Ricci disease, so- 
called "sponge kidneys" (ab), 1033 
PREGNANCY, recurrence of adrenal carcinoma during, 
with delivery of normal child (ab), 1032 
Prone, flexible scintillation radiation measurement, 
914 
PROSTATIC CARCINOMA involving rectum and sigmoid 
colon, 421 
PsEUDOCYSTIC TUBERCULOSIS, multiple, of bone (ab), 
270 
PSEUDOGOUT SYNDROME, arthritis, primary articular- 
cartilage calcification with (ab), 776 
PurwoNaRv artery and right ventricle via a patent 
ductus arteriosus, visualization of; report of 
4 illustrative cases, 100 
atelectasis, radiological changes in (ab), 261 
atresia, functional; cause of angiocardiographic 
misinterpretation in tetralogy of Fallot, 85 
cavities, acute multiple, roentgen features of; 
coccidioidomycosis (diagnosis outside So- 
noran zone), 653 
chondromatous hamartomas (ab), 512 
dysplasia, familial fibrocystic: observations in 
one family (ab), 1029 
renal disease, hemorrhagic, Goodpasture's syn- 
drome, roentgenographic aspects of, 674 
'alvular stenosis, infundibular obstruction 
secondary to, 78 
vein, anomalous systemic venous connection to 
left atrium or to, 62 
ventilation, distribution of, determined by radio- 
isotope scanning; preliminary report, 807 
vessels in diagnosis of lobar collapse, 665 
Pyrosis, gastroesophageal reflux elicited while drink. 


ing water—(water siphonage test); its 
clinical correlation with, 325 
RapraTION doses, extremely high, experiments оп 


biologic effect of (ab), £20 

flexible scintillation, measurement probe, 914 

local graft, prolongation of renal homograft 
function by (ab), 773 

neodymium laser, on two experimental malig- 
nant tumor systems, effect of (ab), 1033 

response of diffuse pleural mesothelioma: case 
report (ab), 782 

therapy, can cancer really be cured with?, 917 

therapy, high energy, angiographic and encepha- 
lographic findings in cerebral tumors follow- 
ing (ab), $18 

therapy of carcinoma of uterine cervix, prog- 
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nostic significance of temperature elevation 
during (ab), $18 

RADIOACTIVE isotope renogram and urinary 
ticn (ab), 267 

yttrium and zirconium, autoradiographic ob- 
servations after inhalation of (ab), 519 

RabiocARDIOGRAPHY in rheumatic heart di TREE and 
its value in selection of cases for mitral 
commissurotomy (ab), 262 

RaproGrapuic, combined, enlargement, auditory 
ossicles of several mammals studied by 
(ab) S21 

RaproropiNE scanning, diagnostic pitfall with, 837 

Raploisorope renogram in kidney transplants (ab), 
257 


obstruc- 


scanning, distribution of pulmonary ventilation 

determined by; preliminary report, 807 
RapioLocte and allied procedures from point of view 

of information content and visual percep- 
tion, 719 

and clinical methods, relative accuracy of esti- 
mate of enlargement of liver and spleen by, 
462 

critique of basilar impression (ab), 1023 

investigation of ureteral anastomosis after surgi- 
cal interventions for urinary diversion (ab), 
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literature, abstract card classification and re- 
trieval systems for, 741 
treatment of acromegaly (ab), 781 
RADIOLOGICAL appearances of diverticula in anti- 
mesenteric intertenia area of pelvic colon 
fab), $14 
changes in pulmonary atelectasis (ab), 261 
departments, measuring of doses received b 
personnel in, and its importance (ub), $ 
diagnosis and structural lung changes in emph vy- 
sema, correlation between (ab), 260 
features of thymic tumors: review of sixty-five 
cases (ab), 1027 
Rapiorocisr, cardiosascular (E). 243 
Картотгобу and emphysema (ab), 259 
diagnostic, errors in; on basis of complacency, 
689 
role of: diagnosis of massive 
263 
КАРТОТНЕКАРУ and chemotherapy, treatment by: 
metastases in central nervous system (ab), 


Ју 
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hematemesis (ab), 


place of: rhabdomvosarcomas of head and neck 
in children (ab), 782 
RADIUM ALIGNMENT APPLICATOR, 905 
Кестим and sigmoid colon, prostatic 
involving, 421 
Renan angiography, selective (ab), 772 
artery lesions, curable hypertension due to (ab), 
268 
disease, lesions of pancreas mimicking (ab), 773 
failure, acute, following oral cholecystographv: 
unique nephrographic effect (ab), 771 
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function, recovery of, after surgical intervention 
(ab), 267 
function, test of: excretion of contrast medium 
as measured by urinary specific gravity 
(ab), 771 
homograft function, prolongation of, by local 
graft radiation (ab), 773 
ischemia and hypertension (ab), 772 
papillitis, necrotizing, (papillary: necrosis) in 
diabetes mellitus (zb), 266 
RENOGRAM, radioactive isotope, and urinary obstruc- 
tion (ab), 267 
radioisotope, in kidney transplants (ab), 267 
REABDOMYOSARCOMAS of head and neck in children: 
place of radiotherapy (ab), 782 
RHEUMATOID, nodular, vertebral lesions versus anky- 
losing spondylitis, 631 
Ris, intrathoracic, 587 
КОЕМТСЕМ diagnosis of ameloblastoma in West 
Africa, problems of (ab), 1024 
diagnosis of duodenal injuries, 356 
diagnosis, tumors of eighth cranial nerve in (ab), 
1025 
evaluation of anomalies of rotation and fixation 
of bowel in children (ab), 1030 
features of acute multiple pulmonary cavities; 
coccidioidomycosis (diagnosis outside the 
Sonoran zone), 653 
features of Mirizzi syndrome, 480 
irradiation, response of olfactory epithelium of 
adult axolotl (Siredon mexicanum) to, 964 
signs of intestinal necrosis, 402 
RozNTGENOGRAPHIC and anatomical study of normal 
and abnormal motion: atlanto-axial joint 
(ab), 258 
appearance of first abnormalities due to lung 
cancer (ab), 261 
aspects of hemorrhagic pulmonary-renal disease 
(Goodpasture's syndrome), 674 
findings in Zollinger-Ellison syndrome, 429 
manifestations of endocardial fibroelastosis, 109 
signs in atrophic gastritis and gastric atrophy, 


343 
КОЕМТОЕНОСКАРНУ, lateral tilt (frontodiagonal), for 
showing superior mediastinum, trachea and 
aortic arch (ab), 263 
RoENTGENOLOGIC approach to measurement of 
venous blood flow, 221 
bone changes over 20 year interval: Gaucher's 
disease, 621 
pathologic correlation of resectable carcinoma of 
pancreatico-duodenal region, 438 
possibilities in spleen diagnosis, 453 
study in mediastinal anatomy afforded by air in 
mid-esophagus; normal finding but poten- 
tial source of diagnostic error, 333 
RoENTGENOLOGY, new challenge to: otosclerosis, 566 
RoENTGENTOMOGRAPHIC examinations of саг, results 
of, malformations of inner and middle ear 
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due to thalidomidembryopathy (ab), 1023 
ROTATIONAL TREATMENT PLANNING, computer pro- 


gram for, 880 


SR’? BETA-RAY DOSIMETRY, internal, with fluorods, 
984 
SALIVARY GLAND, human, study of clinical features, 
histopathologic changes and serum enzyme 
variations following irradiation of; post- 
irradiation sialadenitis, 271 
lesions, acquired dental defects and, after irradi- 
ation for carcinoma (ab), 1024 
SCANNER NukAB with magnetic memory, possibili- 
ties and practical applications of (ab), 1035 
SCANNING of placenta, isotope localization and, 844 
radioiodine, diagnostic pitfall with, 837 
radioisotope, distribution of pulmonary ventila- 
tion determined by; preliminary report, 807 
Scans, correlation of brain, and angiography in intra- 
cranial trauma, 819 
normal brain, technetium 99m, and theiranatomic 
features, 815 radioiodinated rose bengal liver, 
ag aid in differentia! diagnosis of jaundice, 469 
ScINTIENCEPHALOGRAPHY for detection and localiza- 
tion of non-neoplastic intracranial lesions 
(ab), 1034 
ScINTILLATION radiation measurement probe, flexi- 
ble, 914 
SCINTISCANNING, preoperative diagnosis of spleen 
cysts by; report of case, 839 
SELDINGER TECHNIC, modified, catheterization of 
trachea and bronchi by: new approach to 
bronchography (ab), 1028 
SHOULDER, posterior dislocation of, 639 
SIALADENITIS, postirradiation; study of clinical fea- 
tures, histopathologic changes and serum 
enzyme variations following irradiation of 
human salivary glands, 271 
SIGMOID COLON and rectum, prostatic carcinoma 
involving, 421 
SIREDON MEXICANUM, adult axolotl, to roentgen 
irradiation, response of olfactory epithelium 
of, 964 
SITUS INVERSUS of all organs except stomach, 353 
Sixry-siIXTH ANNUAL MEETING of American 
Roentgen Ray Society (E), 749; prelimi- 
nary program, 756 
SKELETAL FLUOROSIS among Indians of American 
southwest, 608 
SMALL BOWEL, metastatic carcinoma of, 385 
obstruction due to unusual vermiform Meckel’s 
diverticulum demonstrated by barium 
enema study, 370 
ulcer, circumferential: clinical aspects in 17 
patients (ab), 513 
ulceration associated with enteric-coated potas- 
sium chloride and hydrochlorothiazide (ab), 
264 
x-ray studies in patients undergoing Соб tele- 
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therapy and/or radium application, fat 
absorption studies and, 848 

SMALL INTESTINE and impaired absorption, x.ray 
picture of (ab), 265 

in adults, mass sign in primary volvulus of, 374 

SMALLPOX, bone lesions due to (ab), 270 

SPERMATIC CORD, hydrocele of; with roentgeno- 
graphic findings simulating mucocele of 
appendix, 395 

SP-G and SP-I, treatment of terminal stages of can- 
cer with: preliminary communication (ab), 
£20 

SP-I and SP-G, treatment of terminal stages of can- 
cer with: preliminary communication (ab), 
£20 

SPINAL CORD, compression of, report of case with; 
hemangioma of mediastinum, $80 

SPINE, Pott's disease with congenital anomalies of 
(ab), 270 

SPLEEN cysts, preoperative diagnosis of, by scin- 
tiscanning; report of case, 839 

diagnosis, roentgenologic possibilities in, 453 

SPLENOPORTOGRAPHY, technique of percutaneous 
hilus-directed puncture of spleen in (ab), 
265 

SPONDYLITIS, ankylosing, versus nodular rheumatoid 
vertebral lesions, 631 

STEIN-LEVENTHAL SYNDROME (ab), 1032 

STEREOSCOPIC ILLUSTRATIONS, 733 

STOMACH, situs inversus of all organs except, 353 

SUBUNGUAL REGION, keratoacanthoma of: clinico- 
pathological and therapeutic study (ab), 
518 

SULFUR 35 STUDIES in human chondrosarcoma, 798 

SUPERIOR VENAE CAVAE, double, with completely 
paired azygos veins (ab), 779 


Tc? РЕКТЕСНХЕТАТЕ for brain scanning (ab), 519 

TEcHNETIUM 99M normal brain scans and their ana- 
tomic features, 815 

Tevecosacr arc therapy, analysis bf factors affecting 
optimal axis placement and 80% isodose 
volume dimensions in, 852 

tissue-dosage method, fast moving-field, for 

adding machine, tabulating machine, or 
electronic computer, 865 

TELEPAQUE, comparative evaluation of new oral 
cholecystographic agent U-12,031 with, 491 

TEMPERATURE elevation, prognostic significance of, 
during radiation therapy of carcinoma of 
uterine of cervix (ab), 518 

TErRALOGY or FALLOT, cause of angiocardiographic 
misinterpretation in; functional pulmonary 
atresia, 84 

detailed angiocardiographic study, 92 

THALIDOMIDEMBRYOPATHY, malformations of inner 
and middle ear due to,—results of roent- 
gentomographic examinations of ear (ab), 
1023 
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THERMOGRAPHY, medical, 73: 
Тнокасте aortography; intravenous and selective 
techniques, 129 
outlet syndrome, arteriographic diagnosis of 
(ab), 1028 
Тноках, diagnosis of tumors of, with inclined to- 
mography, 681 
TuvMic rumors, radiological features of: review of 
sixty-five cases (ab), 1027 
THYROID GLAND, measurement of mass of, 77 vivo, 828 
Tiera vara (osteochondrosis deformans tibiae): 
survey of seventy-one cases (ab), £16 
TissuE-DOSAGE METHOD, fast moving-field telecobalt; 
for adding machine, tabulating machine, or 
electronic computer, 865 
TOMOGRAPHIC image, study of contrast perception of 
(ab), 780 
Томоскарну, cerebral ultrasonic (ab), 1026 
Importance of, for interpretation of lympho- 
zraphic picture of lymph node metastases, 
924 
inclined, diagnosis of tumors of thorax with, 681 
TRACHEA, superior mediastinum and aortic arch, 
lateral tilt (frontodiagonal) roentgenogra- 
phy for showing (ab), 263 
TRICHOREZOAR—~case report (ab), 513 
Tusercucasis, multiple pseudocystic, of bone (ab), 
270 
Tumor, berign, in gastric air bubble, 337 
metastatic, in nervous system, observations on 
pathology of (ab), 774 
of eighth cranial nerve in roentgen diagnosis 
(ab), 1025 
of thorax, diagnosis of, with inclined tomogra- 
phy, 681 
thymic, radiological features of: review of sixty- 
five cases (ab), 1027 


ULCER, circumferential small-bowel: clinical aspects 
in 17 patients (ab), 513 

URETERAL ANASTOMOSIS, radiologic investigation of, 
after surgical interventions for urinary 
diversion (ab), 773 

URETHRA, prostatomembranous, injury of bladder 
and, associated with fracture of bony pelvis 
(ab), 268 

URETHROCYSTOGRAPHY, male, improved technique 
for (ab), 773 

Urinary diversion, radiologic investigation of ure- 
teral anastomosis after surgical interven. 
ticns for (ab), 773 

obstruction, radioactive isotope renogram and 
(ab), 267 
specific gravity, excretion of contrast medium as 

measured by: test of renal function (ab), 
771 

Urocrapny, excretory, high dosage (ab), 266 

UnoLocic complications of radical hysterectomy for 
carcinoma of cervix (ab), 782 
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Unorocv, uses of lymphography, lymphadenography 
and color lymphadenography in (ab), 774 

UTERINE CERVIX, carcinoma of, prognostic signifi- 
cance of temperature elevation during 
radiation therapy of (ab), 518 


VASCULAR disease, extracranial occlusive, obscuring 
intracranial vascular lesions (ab), 258 
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We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 








If you're ready to consider super-voltage X-ray equipment... 


The most 


reliable 


unit you can buy 
is the 
Allis-Chalmers 
25 Mev Betatron 


Here's why. In three words: simplicity of design. Because it 
has fewer gadgets, there's less to go wrong. Another reason? 
"The Allis-Chalmers warranty. Every part, every casting, every 
piece of wiring is as good as 21 years of Betatron experience 
can make it. So good Allis-Chalmers backs all mechanicals 
with a full-year warranty. Even the X-ray tube is warranted 
against premature failure. Or we make it right, at our expense. 
If you're considering a super-voltage X-ray unit, evaluate it 
on the basis of reliability. Consider how you may have to use 
it every day in therapy. Therapy that shouldn't wait. Evaluate 
reliability in terms of costly maintenance. Then evaluate the 
Allis-Chalmers 25 Mev Betatron, with the greatest proven 
reliability PLUS performance that gives you 30-50% more 
tumor dose, 45-50% less entrance dose. Think reliability. 
Write for descriptive 25 Mev Betatron brochure. Allis- 
Chalmers, Electrical Apparatus and Systems Division, 
Milwaukee, Wisconsin 53201. A-2010 


£X ALLIS-CHALMERS 
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Into the СВМ E — latest in the 
long line of ers uan Therapy Units 
— has gone the f lly-matured expertise 

of the most experienced engineering group | 

in the teletherapy field. The performance - 

data accumulated in hundreds of installations | 
(over half the Cobalt*? installations in the 

Free World are Picker.equipped)has | 
been uniquely theirs to build upon. 


Add to this the voices of the many 
distinguished therapists who were good 
enough to give of their counsel in its development, 
and you arrive at an apparatus in which is con- 
centrated a depth of capabilities * equal to the 
performance of the most sophisticated current 
techniques. | 


*Recounted in detail in Picker Publication 
35-133. Get a copy from your local Picker 
office or write 
PICKER X-RAY CORPORATION 
White Plains, New York. 
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